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ADV ERTISE M E. N T. 


H E Committee appointed by the Royal Society to direct the pub- 
lication of the Philoſophical Tranſactions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
Been made in ſeveral former Tranſafions, that the printing of them was 
always, from time to time, the ſingle act of the reſpective Secretaries, till 
the Forty - ſeventh Volume: the Society, as a body, never intereſting them- 
ſelves any further in their publication, than by occafionally recommending 
the revival of them to ſome of their Secretaries, when, from the particular 
circumſtances: of their affairs, the Tranſactions had happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to ſatisfy the Public, that their uſual meetings 
were then continued for the improvement of knowledge, and beneſit of 
mankind, the great ends of their firſt inſtitution . by the Royal . 
and which they have ever ſince ſteadily purſued. 

But the Society being of late years greatly inlarged, and hate a 
munications more numerous, it was thought adviſeable, that a Committee 
of their members ſhould be appointed to reconſider the papers read be- 
fore them, and ſelect out of them ſuch, as they ſhould judge moſt pro- 
per for publication in the future Tranſadions ;_ which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and ſingularity of the ſub- 
jects, or the ad vantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which muſt ſtill reſt on the 
credit or judgment of their reſpective authors. 
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have been too lightly credited, to the diſhonour of the Society. 
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it is Uke wife neceſſary on this occaſion to Nai chat it is an eſta- 
blithed rule · of the Society, to which they will always adhere, never to 
gire their opinion, as a body, upon any ſubject, either of Nature or Art, 
that comes before them. And therefore the thanks, which are” fre- 
quently propoſed from the chair, to be given to the authors of ſuch pa- 
pers, as are read at their accuſtomed meetings; or to the perſons through 
whoſe hands they receive them, are to be conſidered in no other light 
than as a matter of civility, in return for the reſpect ſhewn to the Society 
by thoſe communications. The like alſo is to be faid with regard to 
the ſeveral projects, inventions. and curiofities of various kinds, which 
are often exhibited to the Society; the authors whereof, or thoſe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheſt applauſe 
and approbation. And therefore it is hoped, that no regard will here- 
after be paid to ſuch reports, and public norices ; which in ſome inſtances 
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"HE Emotions of Gratitude inſpired by the very 
Place in which, by the Munificence of our 
Royal Patron, we are now for the firſt Time aſſem- 
bled, render. it impoſſible for me to negle& the 


+ 03 


Opportunity which this Seaſon, , when ye haye been, 
uſed td hear. ele ' addrefied. from the Chain 


ledgement, * a. Beneſt o ani; — 10 
promote the Honour and Advancement of this 


Society. 24 ths ed 
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"Eflabliſhed originally by the Munificence of. A, 
Royal Founder ; ; foſtered and encouraged ſince that. 
Time by every ſucceſſive Monarch who has ſwayed 
the Britiſh Sceptre, ye have ever proved yourſelves 

| A 2 worthy 


eee, iſtant, ſtill thought a Place among 
you an honorable Diſtin&ion. A Ntwrow's immortal 


Labors, a BorLE, a FLausTzaD, a HallEr, a Ray, 


received from former Patrons has ever been, the 
Favors which' Science has; through your Interceion, 
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worthy | the Favor of your Royal Protectots. A 
NW rox, who pruned his infant Wing under your 
Aufpices, when his maturer Flights ſoared to Worlds 


and many others, of whom I Wo it is needleſs to 
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„But bbuntfel as die 1 ye have 


received from his prefent: Majeſty (whom GUD long 
preſerve) have eininently outdone their moſt extenfive 
Ideas of Liberality. Ample Funds, by Him provided, 


have enabled you to reward Men of extenſive Know- 
ledge and Ability, for ſpending whole Years in the 
Serviee of Science; obſerving twice the Tranſit of the 


Planet Venus over the Diſk of the Sun. At your 
rev gde the Publick defrayedt the * of convey- 


ing 


141 
ing them. to the moſt diſtant Parts of the Globe we 
inhabit, where the purpoſes of their Miſſion, ſo im- 
portant to the Science of Aſtronomy, could heſt be 
fulfilled; while ye alone enjoy among your Fellow 
Academies the * of ring both ſent dd re- 
e bm. 2 17 8 NOTES 
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And n more.; 4 - as very Danatipns. were © liberally 
planned by that Attention to Science which has ever 


O01. 


diſtinguiſhed His preſent Majeſty's Reign, and will 
far ever bear Teſtimony of his enlarged Mind, and 
Diſpoſition favorable to the Advancement of true: 
Knowledge, that the Surplus alone enabled | you, with. 
his Royal Approbation, to inſtitute Experiments on 
the Attraction of Mountains, amidſt the barren and 
bleak Precipices of the Highlands of Scotland, which: 
then, for the farft Time, beheld. Inftraments of the 
niceſt Conſtruction tranſported: to the Sum mits of their: 
pathleſs Crags, and Men, uſed to other Habitations, 
voluntarily reſiding in temporary Huts, eager to ex- 
preſs a grateful Senſe of their "Rog. Patton's Libe-- 
rality, 
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Patron. Amply informed in every Branch of real 
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ality, by thus promòtigg to the utmoſt the Catiſe of 


Science, in which they” were, ünder = n 
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. Gifts - like theſe, unſolicited- FAY undondationally 
befiaiwad, might have ſatisfied the Impulſes even of a 
Princely Munificence; but not ſo with our Royal | 


Knowledge, He reſolved: to beſtow a fill more diſtin- 


guiſhed Mark of his Favor on Science which he 


loved, and in this * laſt beſt: Gift has fulNed his 
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1 2 a 2 * ſaited to our preſent proſper- 


ous and flouxiſhing Condition under his Royal Pa- 


tronage and Protection, is admirably calculated to 
increaſe the Reſpect, great as it 185 which ye have ever 
received from the Learned of all. Europe, placing 
you at once, in every. Point of ſplendid Accommoda- 
tion, as much above all Foreign Academies, as the- 
Labors of your learned Predeceſſors had raiſed you 
above them in n literary Reputation. 


Let 
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Let then Gratitude to a Sovereign, from whom ye 


have received ſuch conſpicuous Encouragement, en- 
gage you, by an Application to a Promotion of the 


Sciences ye ſeverally poſſeſs, to deſerve a Continuance 
of his Royal Favor; to meaſure your future Exertions. . 
by the Standard of his princely Liberality ; and thus. - 
ſhew the World, that ye ſtill are, as ye always have: 
been, worthy the Patronage of your King. 
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I. Natural  Hiftory and Defeription of the Tyger- cat 7 the 
Cape of Good Hope. By John Reinhold Forſter, LL. D. 


F. R. and A. S. 


ES 


Read November 9. 1780. | 


FEY tribes of quadrupeds have in Africa more repreſenta- 
tives of their different ſpecies than that of the Car. The 
genus of Antelopes may perhaps be excepted, fince, to my 
knowledge, about twenty different Ghazels and Antelopes are to 
be met with in Africa; but no more than about eight or nine 
of the Cat tribe have hitherto been diſcovered on that continent. 
However, I know about twenty-one different ſpecies of this 
Vol. LXXI. 3 5 great 


a Mt Mes te hdd 


2 Dy. FORSTER 8 „ and Deſeriptim —_—_ 
great 445 and, 1 Er? theſe by. no. means exha fl 1 
numerous. tribe. 
- "The greater and more numerous hs different genera of ani- 
"mals are, the more difficult it muſt be to the natural hiſtorian 
properly to arrange the whole of ſuch an extenſive diviſion of 
animals, eſpecially if they are not equally well known. To 
form new genera, in order to diſpoſe and arrange them under, 
is a remedy which increaſes the evil, inſtead of curing it. The 
beſt method, therefore, which can be deviſed, is to make great 
diviſions in each genus, comprehending thoſe ſpecies which, on 
account of ſome common relation or character, have a greater 
affinity to one another. The genus of Cat, to which the ani- 
mal belongs we are going to ſpeak of more at large, offers three 
very eaſy and natural ſub-diviſions. The fir comprehends ani- 
mals related to the Cat-tribe, with long hair or manes on their 
necks ; ſecondly, ſuch as have remarkable long tails without any 
marks of a mane on their necks; /aftly, ſuch as have a bruſh 
of hair on the tips of their ears, and ſhorter tails than the ſe- 
cond ſub- diviſion. The firſt might be called in Latin Feles 
jubatæ; the ſecond ſub-diviſion ſhould be named Z#lures ; and 
the third and laſt, Lynces. To the firſt ſub-diviſion the Lion 
and the hunting Leopard or Indian Chittah, belong. The fe- 
cond ſub-diviſion conſiſts of the Tyger, the Panther, the Leo- 
pard, the Ounce, the Puma, the Faguar- ete, the Jaguara, the 
Ocelot, the Gingy of Congo, the Marakaya, the Tyger-cat of 
the Cape or the *N/uff of Congo, the Tibetan Tyger-cat which I 
ſaw at Peteftburg, the common Buſh-cat of the Cape : and, 
laſtly, the wild Cat, and its domeſtic varieties. To the third 
diviſion belong the Lynx, the Caracal, the Serval, the Bay 
Lynx, and the Ghaus of Profeſſor GULDENSTEDT, 
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the — of the 2 of Good I, 3 g 
Since it is quite foreign to my purpoſe to ſpeak of thoſe b he 9 
cies which are known already to the naturaliſt; I confine myſelf 
to that ſpecies only which hitherto has been 1 im * known 
to naturaliſts. Vo 
The firſt notice we had of the Cape Cat is, in my opinion, 
to be met with in 1.aBaT's Relation Hiftorique de P Ethiopie 
occidentale, tom. I. p. 177. taken as is ſuppoſed from Fathet 
CARAZZI, LABAT mentions there the *N/uff, a kind of wild 
Cat of the fize of a Dog, with a coat as much ſtriped and varied 
as that of a Tyger. Its appearance beſpeaks cruelty, and its eyes 
fierceneſs ; but it is cowardly, and gets its prey only by cunning 
and inſidious arts. All theſe characters are perfectly applicable 
to the Cape Cat, and it ſeems the animal is found in all parts of 
Africa, from Congo to the Cape of Good Hope, in an extent of 
country of about eleven degrees of latitude. KoLBE, in his Preſent 
State of the Cape Good Hope, vol. II. p. 127. (of the Engliſh 
edition) ſpeaks of a Tyger Buſh-cat, which he deſcribes as the 
largeſt of all the wild Cats of the Cape-countries, and is ſpot- 
ted ſomething like a Tyger. A ſkin of this animal was ſeen by 
Mr. PENNANT in a furrier's ſhop in London, who thought it 
came from the Cape of Good Hope; from this ſkin Mr. RN 
NANT gave the firſt deſcription which could be of any utility 
to a natural hiſtorian . All the other authors mention this 
animal in a vague manner. When I and my ſon touched the 
ſecond time at the Cape of Good Hope in the year 1775, an 
animal of this ſpecies was offered me to purchaſe ; but I refuſed 
buying it becauſe it had a broken leg, which made me apprehen- 
ſive of loſing it by death during the paſſage from the Cape to 
London. It was very gentle and tame. It was brought in a 


* >ENNANT'S Synopſis of Quadrupeds, p. 181. firſt edit. 
B 2 baſket 


baſket to my apartment, where Lkept it above four and twenty 


hours, which gave me the opportunity of deſertbing it, and of 
_ obſerving its manners and. oc; as it did to hy * that 


—— 
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of making a very accurate drawing of it. | 
After a moſt minute examination, I found its manners FE) 


ceconomy perfectly analogous to thoſe of our domeſtic Cats. It 


ate freſh raw meat, and was very much attached to its feeders 
and benefactors: thou gh it had broke the fore · leg by accident, | 
it nevertheleſs was very eaſy. After it had been ſeveral times 
fed by me, it ſoon followed me like a tame favourite Cat. It 
liked to be ſtroked and careſſed; it rubbed its head and back 
always againſt the perſon's cloaths who fed it, and defired to be 
made much of. It purred as our domeſtic Cats do when they 
are pleaſed, It had been taken when quite young in the woods, 
and was not above eight or nine months old; I can, however, 
poſitively aver, having ſeen many ſkins of full-grown Tyger- 
cats *, that it had already very nearly, if not quite, attained its 
full growth. I was told, that the Tyger-cats live in moun- 


tainous and woody tracts, and that in their wild ſtate they are 


very great deſtroyers of Hares, Rabbits, Yerbuas, young An- 
telopes, Lambkins, and of all the feathered tribe. 


DESCRIPTIO FELIS CAPENSIS. 


Felis cauda | ſub-elongata, annulata; corpore fulvo, ſupra ma- 
culis virgatis infra orbicularibus, auriculis nigris, macula 
Iunata alba. 


* Theſe ſkins, with ſeveral others of rare and non-deſcript animals, I bought 
at a very confiderable expence, and depoſited in the Britiſh Muſeum, that valuable 


Nulli. 


n. repoſitory of artificial and natural curioſities. 


122 os th 2 of { Good Hope: 

Me, waar Etbiopic. cecident. tom. I. p. 177. 

Dyger Boſth- tasten Kol. DE Cape * Good Hope, rob an. 

p. 127. (Engl. edit.) 

Cape-cat. ' PENNANT Syn. Quadrup. * 181. (aft 00 ? 

8 magnitudine Felis Cati fylveftris vel paulo majus. In 
genere ſupra colore pallide fulvo, ſubtus e cinereo albo, ma- 
culis atris. 

/Pili apice pallide fulvi, bafi albi.) 

Caput Rgftro magis acuto, quam F. Cati, albo; in labio "Rs 

riore prope angulum riftus macula orbiculata, nigra. Nares 

nudz, atræ. Myfaces plurium ordinum in labio ſuperiore et 
ſupra oculos validz, albæ et fulvz. Oculi figura fere trian- 
guli ff phærici, latere anteriore perpendiculari; ; Irides flavæ. 

Pupilla orbieularis, diurna (nec ut in F. Cato perpendiculari; 

rima lemniſcata). Lingua retroſum aculeata. Dentes acuti 

ut in cogeneribus. ; | 

Linea albida utrinque naſo parallela, ad interiora oculorum 
latera, Linea nigra paullulum convergens a cantho ante- 
riore oculorum deſcendit in naſum ; aliæ due nigre ſupra 
oculos infra convergentes, inque frontem aſcendentes ; 
præterea in capite puncta et lineolæ nigræ plures ſparſæ. 

Auriculz amplæ, longitudine fere capitis, ovatæ, ſuberectæ, 
intus villoſæ, ochroleucæ; extus nigræ, macula lunata, 

tranſverſa alba. Margo exterior ſacculo membran aceo 

nudo, lobato. 

Corpus ovatum, elegans. Lineæ atræ longitudinales quatuor in 
cervice inter aurium baſes orſæ, in Dorſo interruptæ; Supe- 
riora laterum obtinent maculz oblonge, lineares, oblique. 
Inferiora laterum maculis rotundis ſparſis. Abdomen e cinereo- 


album, maculis rotundis parvis, ſparſis, nigris. 
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Pedes omnes ſuperne ſubfaſciati, extretnitatibus — 
- Gs, nigris con} perfi. Digiti quinque felini. hay tags modicly | 
retraCtiles, nigri. 


Cauda attingit baſin tarſi, annulis circiter octo vel a nigris 
| cinta, 


MENS U R A. 


Ab apice roſtri ad baſin caude ig unciæ ped. Angl, 


Cauda 8 — - 
Caput longum — & - 4 
Auriculz margine exteriore - 98 
Pedes anteriores a cubito —— 7 


Pedes poſtici (tarſi ſcilicet) 5 41 


0 Uh 7 we Fi 


1010 . wr 


MEAN | d 10 


Hh 


N Ns 


— + a — = 
pu — — - Sv ' 

— — 3 — 

. 


= - l 
a 2 _. 


| NN ih 


pot 3d 


1 7 * 1 In | 


i 


* 


3 


S. 
* 


4 
* 
ys. 
* 
5 


AZ 


1. H. G. 


1 


: 


Trans. Vot. ZZXXT. Tab 


Philos. 


„ 
— 
- 
U 
* 
72 
. 
s 
- 
* 
o 
7 
. 
. 
* 
* 
* 
3 — — RG r—:—:—::::: * 
— — — — W—_ 
„ 
— 
WW. 
% — 
1 >? 
* N . Oo 
m 4 4 -£ 4 1 
- 
* 
' 
* 


+ oy © 4 * 
. — 4 * , _—_— N 
"<= ey 8 * 1 W 


0 } 


y 


100 N * 


- | wh \f e VA | il | (9 VR Hl 
0 0 1 % 0 al j WH 


# 


\ 
10 0 
Ell 


all . 


Wh 


TO 
\ . 4 


9 


\ 


'BASIAE .SC, 


\ 
\ 
9 


' 
' 


1010 f 
%, 


0 { , 
"__ 
1 „. 


1 


. 


1 
— 


— Ae. 
—— — 


_ 
— — 2 — 


— 


— — 


y 0 
; (0/4 


deg tat, 
STAN N 


\ 
16 | 


— 
— — 


1 


76657 { 
0 0 uf 97 0 


SOAK 


' 


ö 


117% 


WIe 


vi N 


— w 


_ - ⁵ 


44 af nd N : | . | bk e b A . —_= y a * 2 av - 
_—_ . » 2 = _ 4 : 7 , Þ 0 
4 FAY * 2 . 7 . : a A 
= - - : _ - — < cy * Y 1 1 * 
| | v.12 Ii 
. - G 2 1 
b 2 
* * _—_— © 4 
* - | 2 2 
89 © p 4 | 8 G "©V * 
- = 
= . * 
- - 8 oY - 9 n 1 9 
38 > © 
. ' « 
: ” FE : 
. ; Lo 
a N 1 
= 
-. 


II. Experiments and Obſervation ton the ſpecific Gravities and 
attractive Powers of various ſaline Subſtances. By Richard 
Kirwan, Efq. F. R. S. 


Read November 16, 1780. 


HE doctrine of chymical affinities hath of late received 
great improvements from the labours of the very excel- 
lent Mr. BERGMAN of Upſal, and the ſtill later reſearches of 
Mr. WENTZEL ; but the order of theſe attractions has hitherto 
been the only point attended to by theſe philoſophers, as well as 
by moſt preceding chymiſts : for I know of none, except Mr. 
MORVEAU of Dijon, who has thought of aſcertaining the va- 
rious degrees of force of chemical attraction, by which one 
body acts on various other bodies, or even on the fame body 
in various circumſtances. He has, however, ſo ably ſhewn the 
advantages ariſing from ſuch an inquiry, that I have made i it 
the object of my attention, and beſtowed much pains on it for 
ſome time paſt ; and have been thereby enabled to determine 
pretty exactly the proportion of the ingredients of many neu- 
tral ſalts, and the ſpecific gravity of the mineral acids in their 
pureſt ſtate, and free from all water. The principles on which 
theſe determinations are founded are the following. 

iſt, That the ſpecific gravity of bodies is as their weight, 
divided by the weight of an equal bulk of rain or diſtilled wa- 


ter, this being at preſent the ſtandard with which every other 
body is compared. 


2dly. - 


. * " 


S8 M-r.xinwan's Experiments, &c. on the ſpecific Gravities 

2dly. That if bodies, ſpecifically heavier than water, be 
= weighed in air and in water, they loſe i in water part of the 
weight which they were found to have i in air; and that the 
1 weight fo loſt is juſt the farhe as that of an equal bulk of wa⸗ 
2” 8 fer, and conſequently that their ſpecific gravity is equal to their 
11 weight i in air, or _—_ weight, divided by their loſs of weight 
in water. 

3dly. That if a folid, ſpecifically heavier than a liquid, be 
weighed firſt in air, and then in that Iquid,- the weight it loſes 
18 equal to the weight of an equal volume of that liquid; and 
conſequently if ſuch ſolid be weighed firſt in air, then in water, 
and afterwards in any other liquid, the ſpecific gravity of this 
liquid will be as the weight loſt in it by ſuch ſolid, divided by 
the loſs of weight of the ſame ſolid in water. This method of 
finding the ſpecific gravity of liquids I have found much more 
exact than that by the areometer, or the compariſon of weights 
of equal meaſures of ſuch Hquids and water, both of which are 
ſubjeQt to ſeveral inaccuracies. 

_ 4thly. That where the ſpecific' gravity of bodies is already 
known, the weight of an equal bulk of water may alſo be 
found, it being as the quotient of their abſolute weight divided 
by their ſpecific gravity. 'This I ſhall call their lo ofs of weight 
in water. 5 
Hence, where che ſpecific gravity and abſolute weight of the 
ingredients of any compound are known, the ſpecific gravity of 
ſuch compound may eaſily be calculated as it ought to be inter- 
mediate betwixt that of the lighter and that of the heavier, ac- 
cording to their ſeveral proportions : this I call the mathema- 
zical ſpecific gravity. But, in fact, the ſpecific gravity of com- 
pounds, found by actual experiment, ſeldom agrees with that 
found by calculation, but is often greater without any diminu- 

2 tion 


eee 190 variqus ſaline Gb, N A | 
of the (bghter, ingredient. i» This increaſe of denſity muſt, 
| — aliſs from a cloſer hupn of: Me component, parts.2o each. 
other than either had feparately- with, its own integrant .parts 
and this, more intimate union. muſt ; proceed. from the mange 
or affinity of theſe parts to each other; I therefore, in magined, 


21 


this attraction might ber eſtimated by the ingreaſe, of denſity, i 
ſpecific gravity. and was-proportionahle to, it, but was oon un UN 
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hf eps perieaentyl | was preſent, the thermometts ids TT 
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From chagime I firſt read in. De e Tot 
on Air (that 8 ſource gf futur 7 1112 diſcoveries) 0 m 
exhibition; of maine acid in the, form, of fir, 7 Ard Wa 
ter.;..and that this, 2irg reunited With + ater, INN 10 wid 
liquor. in all reſpects the Lame as fommn ſpirit of Gl alt; 1 Fon 
ceived the. pofibiliry, of, diſcoyering the: ar ro, PE 

0 Ae of. ſalt: of any given ſpeciſic gravity, 2 6 Wan by Ke 

Vor. 
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this the exact Proportion of acid in all cher atid Iguofe; for 
if 2 given quatitity-6f pure fixed athkali were ſaturated, firſt vy 
4 certain quantity öf ſpirit r falt, and then by determine 
antities of tlie other acids, I cotichided, thit each of theſe 
ties of acid Thilo? kraft contain the Tame quaritity:of ueid, 
and this being known, the remainder being the aqueous part, 
this alſo muſt be known; but this concluſſion intirely reſted on 


the ſuppoſition that the ſame quantity of all the acids was requi- 
fite for the faturation of a x given under . of fixed kuli; for 


acids, when 
re 3, for if they were a to a confident Heat, ne 
of the acid would neceſſarily. be expelled, and more of one acid. 
than of another, and if the heat were not conſiderabla, much 
of the water of cryſtallization would remain; & that if the 
weights were found to be equal, this equality could not be 
aſeribed to equal quantities of acid, but might perhaps ariſe 
from a ſmaller proportion of acid in one of them, and a larger 
proportion of water, and in another from a larger propor- 
tion of acid and R ſrftaller (ꝓroportim of water ; and if the 
weights were unequal, no certain concluſion could be drawn. 
Tos vat this mtulty Tuſll the following cxpelitint.”' Hh. I 
fup ppofed tue Guan bf nitrous and -vittiohe acids, neceffary 
ta fa "ta a gen quaritity of fixed Akalig exactly the fame as 
that of 11 cit Whoſe quantity 1 etettniried ; and to prove 
che e truth: of this {Uppdiition:" 1 *dfeived the Tpecific gravity of 
ie f ſpiriret* nitre an&oif of vitriolt made wie of, andi in which 
1. ſuppoſed; from the trial with ait 4 Certaift proportion of 


2 


acid 


11 


nn os Tg Selmer. 
nid and. water; 1 then. added to theſe more. acid and water, - 
and calculated what their ſpecific gravities ſhould be upon 
the abave. ſuppoſition, and. finding the reſult to tally | with the 
ſuppoſition, I cangluded the latter to be exact. 
The experiments made on the marine acid were as . $4 
I togk two battles, which I filled nearly to the top with dif: | 
tilled water, of which they contained i in all 1 39979 gr. and ins. 
troduced. them ſueceſſively into two cylinders, filled with marine 
air, which I had obtained from common ſalt by means of dilute 
oil of yitriol and heat, in à mercurial apparatus; and this pro- 
ceſs Lrengwed until the water had imbibed, in eighteen days, 
abaut, 794 cubic. inches. of the Marine air. The thermometer 
did not riſę all this time abqve 55 nor ſink, unleſs perhaps at 
night, under 50°, and. the barometer was between 29 and 30 
inches. This water, ar rather ſpirit of ſalt, I then found to 
weigh 1.929 gr. that is 520, 1 more than before. The quantity 
of marine air abſorbed amoynted then to 520, 1 gr. I then exa- 
mined the ſpecific gravity af this ſpirit of ſalt, and found it to 
be 1,225. Its loſs of weight in water (that is, the weight of 
an equal bulk of water) ſhauld then be 1 567,346 gr. nearly; 
but it contained only, as we have ſeen, 1 399,9 gr. of water: 
therefore ſubtracting this from 1 56 7.346, the remainder (that is, 
167,446) muſt be the loſs of 520,1 gr. of marine acid; and con- 
ſequently the ſpecific gravity of the pure marine acid, in ſuch 
a condenſed ſtate as it is in when united to water, muſt be 


£24; = 3,106; Bat ſill ir might be ſuſpeded, that the: den- 


fity of this ſpirit did not intirely proceed from the mere denſity 
of the marine acid, but in part alſo from the attraction of this 
acid to water, and though the length of time requiſite to make 


water imbibe this quantity of acid made me judge that the 
72 attraction 
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t very Con Hdefablb yer the following pas 
ment was more” atisfactory * | ous "a. a 

* expoſed 1440 gr. of this ſpirit to marine air for five days, 
the thermometer being at 50? or under; it then weighed 1562 
gr. and conſequently imbibed 122 gr. of marine air; its ſpecific 
gravity was then 1,253, which agrees exactly with what it 
ſhould be by calculation. 

N. B. I have not repeated the whole of theſe experiments, as 
they were very tedious ; but I began them over again ſeveral 
times before I could aſcertain with any preciſion the quantity of 
marine air abſorbed, as, when the whole of a cylinder full of 
air was abſorbed, it was difficult to ſtop the bottles ſo as to pre- 
vent any mercury from falling i in; and | was obliged every night 
to fill the cylinders with air, leſt if there remained but a ſmall 
quantity it might be imbibed before morning, and the mercury 
fall into, the bottles. I alſo made ſome allowance for the com- 
mon air which I could not avoid letting into the cylinder with 
the marine air, as will be very apparent to whoever WI the 
experiment. | 

Being! now ſatisſied I had diſcovered the proportion of acid 
and water in fpirit of falt, I was impatient to find it in otlier 
acids alſo; and for that purpoſe I took 180 gr. of very 'firong; 
oil of tartar per deliquium, but of whoſe ſpecific gravity I can 
find no note, and found it to be ſaturated by 180 gr. of ſpinit 
of ſalt, whoſe ſpecific gravity was 1,225. Now, by calcula- 
tion it appears, that 180 gr. of this ſpirit contains 48,7 gr. of 


acid and 131, 3 of water, and hence I drew up the following 
table. 


* "oh attrattfoe Powers 7 various Jah ine Sibftances." £4 


Gravity. 


* +: 12497. 
i 9 


3 


The ſpecific gravity of the ſtrongeſt 
ſpirit of ſalt, made in the uſual way, is, 
according to Mr. BAUME, I 187, and ac- 
cording to Mr. BERGMAN, 1, 190; but 


* 25 we read in the Paris Memoirs for the 
1, 368 | year 1700, p. 191. that Mr. nomsere 
— | paſſed a ſpirit whoſe ſpecific gravity was 
12 1,300; and that made by Dr. yRIESTLEY 
ry, | | (ſee vol. III. P. 27 5.) muſt have been 
1,196 about 1, 500. | 

12 125 Hence we ſee, that ſpirit of falt, 
|" 1,166 | whoſe ſpecific' gravity is 1,261 or leſs, 
- = has little or no attraction with water, and 
| 1,144 | therefore attracts none from air, and on 
. | w_ | that account does not heat a thermometer 
] 7127 | whoſe ball is dipped in it as ſpirit of vi- 
50 * 18 triol and ſpirit of nitre do, as has lately 
> | 2 been obſerved by the ay Society of 

| 290 1,106 Berlin. 
ee, — | _ | This table is not exactly accurate, as 
320 | 1,099 | T had not in this firſt experiment found 
1 1 "_ the point of faturation as nicely as was 
| 350 | 1,086 | requiſite. However, I have not corrected 
mo + | it, as the error 18 but ſmall, and the 
380 | 1,080 Proportion may at any time be found by 
5 _ calculation ; at leaſt when the ſpecific 
410 | 1,074 | gravity of this ſpirit does not exceed 


1,253. Whether the mathematical ſpecrfic gravity and that by 
obſervation differ in the higher degrees of ſpecific gravity, I have 


not examined ; but the table is formed on the ſuppoſition that 
they do not. 


Common 


1% M.. wa n's Ruporioents, &c- an fr fareijfic Gruuilien 
Commqn ſpirit. of falt is always enen ace 
ad, and therefare, not fit. for thoſe trials. 
Intending to determine by this experiment 2 roportian. & 
acid, water, and fixed alkali in digeſtive ſalt, as it is called, I 
took 190. gr, of a ſalitiog of a talerably pure vegetable alkali 
that had been three times calcined to whiteneſs, the ſpecific 
grayity of which ſalution was 1, 097. Lalſo diluted the ſpirit of 
falt with different portions af water ; the ſpeeift graricy of one 
ſort was 1, 115, and of another 1,998, | 
I then found that the above quantity, af the Plution of a ve- 
getable alkali required for its ſaturation 27 gr. of that ſpirit of 
ſalt whoſe ſpeciſic gravity was 1.098, and 2 335 Kr. af that 
ſpirit. of ſalt whoſe ſpecific gravity Was 1115. Now, 27 gr. of 
ſpirit, of ſalt, whoſe ſpecific gravity is 1,998, contain 3455 fr. 
of marine. acid, as appears by calculation, As the principle on 
which this calculation, by which the proportion of ſubſtances 
in alloy is found, may not be generally known, I ſhall here 
mention them in the words: of Mr. cor Es. 
The data requiſite are the ſpecific gravities of the mixture 
4 and of the two ingredients, . . Then, as thedifference 
* of the ſpecaic gravities of the mixture and the lighter ingre- 
„ dient is to the difference of the pecific gravatics of the mix- 
* ture and the heavier ingredient, ſo is the magnitude of the 
* hegvier to the magnitude of the lighter inggedjent. Then, | 
eas the magnitude of the heayier multiplied into its ſpecific 
« gravity is to the magnitude of the lighter multiplied into its 
«« ſpecific gravity, ſo is the weight of the heavier to the weight 
* of the lichter... . Then, as the ſum of theſe weights 
« jg to the given weight of either ingredient, 1a is the- weight 
giyen to the weight of the ingredient fought.” 10 
Thus, 
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made Powers ef wariontſdlint Subſtances 15 
- Thes; in this euſe, 1,98 % 098 is the magnitude 
of ths theabier ingredient, we, the mafine acut; and, ogg * 
e. the. weight df the maine acid; and, on 'the 
other hund,  $,r05/—15698= 2,002 the magnitude of the: was 
tor, and 24004 & 1069 f , G its weight; the fum of theſe 
weights i is 2, 3058: then, if 2,3058 parts of ſpirit of ſalt con- 
tuin 044048. Parts: _ "off r. of den * of ann 


mm %. 
III tige fuene Safer 1 will de Sand, that ns Wi: of firit 


of falt;- r ur n was. en contre 365F br. 
A 

The baut ef hacia mo ky REI found W 
Sing the glaſs eylinfet HR eontained the alkahne ſolution: oth 
the ſeate-oFa veby fenfible Balance nd aetlie fame time weighs 
Is ehe aeidd liquor in àntther pais :of ſcales, when the lofs uf 
weight ze dteated the xſespo of nearly equal quantities of the 
Seed air contained inthe foturion;; thenthe atid was gradually 
added, by dipping a gluſs red into it, to the: topf Which a. 
ſrafl: drop of -acid adhered: with chin che ſolution was: ſtirred, 
and vey favall' ropehraktn up and lald en bits of paper ſteamed: 
blue Wird 2radith juices... Az ſbon as the paper. was in the; leaſt 
reddened, the operation was compteredio'that there was always. 
a very ſmall exceſs of acid, for which half a: grain was con- 
ſtantly allowed; but no allowance was made for the fixed air, 
which always remains in the ſolution; but as, on this account, 
only à fmalf quantity: of the afkafitte ſolution was wed; this 
proportion of fixed air mtiſt have 'b&n inconiſiderable. If an 
dunce of the ſotution Had been employed, this inappteciable 
portion of fixed air would be fafficient to caufe a ſenfible etror: 
for T judged of the quatitity of fixed at Yoſt by the difference 
betwixt tlie weiglit added to the ro gr.-atid the actual weight- 


aku " 7 


>» Mrizmwan's Experiments, &c. on fhe fpecyfc.Gravities 
ofthe compound. Mhencchis diflergnce amayrited: itq-2,2igr- 
them b judged: the whole of the fixed air etpelled, and foundit to 
be-ſo,> a:109 gf. of this:alkbline folytion, being evaporated to 
dryneft inca heat of o left a reßidenm which — ; 
10 gr. which 103:gjio-contained, 2,2 Dent fixed air, as will 
hereafter bs ſcen. 15 ⁹⁴gꝗ doe ai „och: Szafet i get 
Hence 8g Bi of purft vagetable fixed Alkali; freeefrom-fixed 
air and water, or 10, 5 of mild fixed alkali, were ſatursted by 
3458. 86 of pure matingchacid, ati conſequently»ahe refplting 
neutral falt-hauld, if: it cntainech her abet. weigh. iz $5725 
\ but the falts reſulting from this union (the ſolution being Car 
porated bo pet fect dryneſs ina heat in kept up for four 
hours): wicighad.atia ariedbunic12,66-gre Of: this weight.» 1,85 
gt; were ad a alkal b thezefartcthe! demin der, . 81 gf 
gr. ere. water; / thedefdre ol og af perfectly dt adigeſtive 
{alt contain 28 gr. hads Gs $5 Waker £0514 af; fixed: alkalia 3 VT 
y[{Lwwasgthen Gartoud:to compase why Rkperifnents with, thoſe 
made hy others; but could mot find; apy made with ſufficient 
Preciſion hut ithoſe of Mr. H ine Paris Memanrs for 
nge! However, as 805 ſpirit of {alt Ld not think proper to 
compate them, as he mentions. that his gl diflalye g9ld, and 
therefore was W 192 u nOον | Sly bench}: 
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-: The common reddiſh brown mn or greenuſh. ſpirit of nitre con- 
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the. beſides acid and water, a certain, portion of phlogiſton, 
and being alſo mixed with, ſome portion of the acid of ſea ſalt, 
I judged, unfit for - theſe trials, and therefore uſed. only the de- 


«h — a 


phlogiſticated ſort, which is quite colourleſs, and reſerables pure 
water in its appearance. 4 This pure acid cannot be. made to exiſt 
ETD | in 


a. 


rolic wt 


a4 attrative Frags of different jab ne Subſtances. 17 


in the form of air, as Dr. yr1EsTLEY has ſhewn ; for when it 
1s deprived of water and phlogiſton, and furniſhed with a due 
proportion of elementary fire, it ceaſes to have the properties of 
an acid, and becomes dephlogiſticated air; I could not, there- 
fore, determine its proportion in ſpirit of nitre as I had done 
that of the marine acid, but was obliged to uſe dir 
method. 

1 ſt.T o 1 963.2 5 gr. of this ſpirit of nitre, whoſe ſpecific 
gravity was 1,419, I gradually added 179,5 gr. of diſtilled wa- 
ter, and when it cooled I found the ſpecific gravity of this mix- 
ture 1 389. 

2dly. To 1984, 5 gr. of this I again added 178,75 gr. of wa- 
ter ; its ſpecific gravity was then 1,362. 

I then took 100 gr. of a ſolution of fixed vegetable alkali, 
whoſe ſpecific gravity was 1, 097, the ſame I had before uſed in 
the trials with ſpirit of ſalt, and found this quantity of alkali 
to be ſaturated by 11 gr. of the ſpirit of nitre, whoſe ſpecitic 
gravity was 1,419; and by 12 gr. of the ſpirit, whoſe ſpecific 
gravity was 1,389; and by 13,08 of that, whoſe ſpecific gra- 
vity was 1,362. The quantities here. mentioned were the me- 
dium of five experiments. I found it neceſſary to dilute the 
nitrous acid with a ſmall proportion of water, of which I kept 

an account. When I negleQed this precaution, I found that 
part of the acid was phlogiſticated, and went off with the fixed 
air. Note alſo, that after each affuſion of acid ten minutes 
were allowed to the matters to unite, a precaution which J alſo 
found abſolutely neceſſary. 
Hence (upon the ſuppoſition that a given quantity of fixed 
vegetable alkali is ſaturated by the ſame weight of both acids) 
we ſee that 11 gr. of ſpirit of nitre, whoſe ſpecific gravity is 
1,419, contain the ſame quantity of acid as 27 gr. of ſpirit of 
Vol. LXXI. = ſalt, 


881 Mr Ee — &c. anthe ſpeci Gui; 


Flt, whoſe ſpecific - gravity is 1, 098, that is, 3,55 Er. the 
remainder- of 11 gr. is therefore mere water, vis. 7,46 Fr:; 
conſequently, if the denſity of the acid and water had not been 
increaſed by their union, the ſpecific gravity of the pure and 
mere nitrous acid ſhould be 11,8729; for the ſpecific gravity 
of this acid ſhould be as its abſolute weight divided by its loſs 
of weight in water, and this loſs ſhould be as the total loſs of 
theſe 11 gr. minus the loſs of the aqueous part. Now the total 


loſs = * = 7,749. and the loſs of the aqueous part 7, 45, 


and conſequently the loſs of the acid part is 7,749 - 7,45 = 
, 299, and therefore the ſpecific gravity of the acid part, that 


Dy 811 8729. 


But it is well known, that the denſity of the nitrous acid, 
as well as that of the vitriolic, is increafed by its union with 
water ; and therefore the loſs above found 1s not the whole of 
its real loſs in its natural ſtate (if it could be fo found), but partly 
the loſs that ariſes from the denſity that accrues to it from its 
union with water: for fince its denſity is increafed by this union, 
its loſs is leſs than it would be if the nitrous acid had only its 
own proper denfity, and conſequently the ſpecific grey above 
found is greater than its real ſpecific gravity. 

Todetermine, therefore, the real ſpecific gravity of this acid 
In its natural ſtate, the quantity of accrued denſity muſt be 
found, and ſubtracted from the ſpecific gravity of the ſpirit of 
nitre, whoſe true mathematical ſpecific gravity will then ap- 
pear. I endeavoured to effect this by mixing different portions 
of ſpirit of nitre and water, remarking the diminution of their 
Joint volume below the ſum of the ſpaces occupied by their ſe- 
parate volumes; but could never attain a ſufficient degree of 

preciſion. 


is, of the pure nĩtrous acid, is 


x 


precifion. The following method, though not exaRily accurate 
1 found more ſatis factory. 12 gr. of the ſpitit f Altre, wuioſe 


ſpecific gravity by qbſer vation was 15489, contained as 1 ſup- 
poſed from the former experiment 3.55 gr. of acid, and 8,4 


Were 115872, the' ſperific gravity of this compound of acid and 
waterſhouldbe 1,391; for the loſs of 3, 55 gr. acidſhould be o, 255; 
and the loſs of tlie water 8545 3 the furn of the lofles 8,749; 


2 rb but, as 1 already ſaid, the ſpecific gravity by 


obſervation .was 2, 389, therefore the accrued: denſity in this 
caſe was at leaſt ,o18, the difference betwixt 1,389 and 1,371. 
I ſay at Leg, for as the ſpecific gravity 11,872 was certainly 
too bigh, the loſs of 355 gr. acid was certainly too malt 3 


would have been fill lower. However, ,o18 1 is certainly: a near 
approximation to che degree of e that accrues to 3,5 5 


derably | from the truth, as wal appear by the ſequel: thereforn 
ſubtracting this quantity from 1,419 we have nearly the mathe» 
matical ſpecific gravity of that proportion of acid and water, 
namely, 1, 401. And fince 11 gr. of this ſpirit of nitre contain 

3.55 Br. acid and 7, 45 of water, its loſs of weight ſhould be 


—.— 8 758 55, and ſubtracting the loſs of the aqueous part from 
this, the remainder 0,405 is the loſs of the 3, 55 gr. acid, and 


trous acid is . 252 = = 8,76 54: : this being ſettled, the mathema- 


O7 


tical ſpecific 1 and true increaſe of denſity of the above 


vity of 12 gr. of that ſpirit of nitre, whoſe ſpecific gravity by 
D 2 obſervation 


n 


——— es; , 35 5 


of water; then if the ſpeciſio grayity of the pure nitrous acid 


neh en en een gravity of the pore and mere ni- 


mixtures will be found. Thus the mathematical ſpe pecific gra- 


WV 
Ls 
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obſervation Was 1,389, myſt be 1,355. ſuppoſing i it to contain 
3955 gr. Aid and 8,45 of water 3. for the loſs of 3,55 gr. acid is 


$763 = 0,405, * the lofs of x water r 8,45 4 the * of theſe 


lofles 1 is 8 F 70 Then, £957 —= 1,3855 and acts the ac- 


| crued denſity is 1,389 — * 034. In the fame manner it 
will be found, that the mathematical ſpecific gravity of 13,08 
gr. of that ſpirit of nitre, whoſe ſpecific gravity by obſervation 
was 1, 362, muſt be 1, 315, and conſequently its acerued den- 
fity 4%. 
But the whole ſtill reſts upon the ſuppoſition that each of 
theſe portions of ſpirit of nitre contain 3.55 Bro of acid. To 
verify this ſuppoſiti ition, I could think of no better method than 
that of examining the mathematical ſpecific gravities of the 
firſt mixture I had made of ſpirit of nitre and water in large 
quantities; for if the matliematical ſpecific gravities of theſe 
agreed exactly with thoſe of the quantities I had ſuppoſed in 
ſmaller portions of each, I could not but conclude, that the 
ſuppoſitions of ſuch proportions of acid and water, as I had 
determined in each, was Juſt ; and that this w was the caſe will 
appear by the foflowing calculations. 8 1 
5 When to I 963,2 5 gr. of ſpirit of nitre, whoſe elke 
gravity was 1.41 9, 179,5 5 gr. of water were added, the . 
tity. of acid upon the above ſuppoſition ſhould be 634, 53 gr.; 
for . 11 . 3,55 :: 1903,25 634,53 - the quantity of water in 
thaſe 1963.25 gr. of ſpirit, of nitre ſhould then be 1 328,72, and 
after adding 179, 5. 5 of water, the whole quantity of acid 


62 
and water ſhould be 2142,7 5, the loſs of acid was 9453 


71 24, and the ny of the loſſes I 580,46: then the mathematical 
4s | 5 ſpecific 


_ attract ve 782 if various 1 Sab ban 


142.7 Ar 

ſpecific gravity ſhould be 5225 = 1,385, which is 9 the 

ſame as that which was found in 12 gr. of this ſpirit of nitre, | 
on the ſuppoſition that they contained 3,55 gr. acid. 


Again: when to 1984, 5 gr. of this mixture I added 178,7 5 
gr. of water, the whole quantity of diluted ſpirit of nitre was 
2163, 25 gr. and the quantity of acid in 1984, 5 gr. was 587,8 1 
gr. for = 12. 3,55 :: 1984, 5. 587,081 ;. the loſs of this quan- 
tity of acid is 66,96 gr. and the ſum of the loſſes of acid 


and water 1s 1643,129 gr.; and conſequently the mathema- 


tical ſpecific gravity ſhould'be 225 2163.75 = XoMl'6, which is. the 


1643,725 
fame as that determined in 1 3,08 gr. of the ſame mixture. 
By continuing theſe mixtures until I found the mathematical 
ſpecific gravity and that by obſervation neatly to coincide, I was 
enabled to draw up the following table, in which if any errors 
be found, I hope: they will be excuſed, from the impoſſibility: 
of avoiding them where the weights muſt be found with ſuch 


extreme preciſion : the two firſt. ſeries were. only found by 
analogy. | 7 


8 pirit 1 


r 1 


235 Lee, age, e . eee, 


Naa. 


"I 


4 pravity byl of 5: acid Sender 
oſervation to water, the acid. 
1,537 13 51 — — 
1,407 „09 „054 
1,419 | ,o18 5045 
— 8, 45 1,389 „0% 036 
— , 9.53 | — 1,302 „036 27 — 
=_ 10,6 1,286 1,337 | »045 5018 
— — 11,68] 1,260 1,314 5054 
_ — 12,755 1,238 | 1,292 „054 
4 13,83 1,220 15271 | EY 
— — | 14,9 | 1,205 ,|. .1,252 | 
lab} 15,98 | 1,191 | 1,235 |} | 
— — | 17,055 | 1,180 1,222 
— — [18,13] 1,197 | 1,217 | 
— = | 19,205] ,038 | 1,160 | 1,198 | 
— 2 [20,28 5036 1,152 1,188 
— 27,45 033 | 1,44 | 1177 
— 22,62 | „030 | 1,132 1,162 
35s 23,79 | 9027 | 1,130 f 1,157 . 
=" 124,96 | 026 | 1,124 | 1,150 
- [26,33] 024 | 1114, | 15138 
— — [27,30 | ,022 I,I13 1,135 
28,47) ,020 , 7,29 
— — | 29,54 2018 1,102 {| 1,120 
— — | 320,77 | ,016 | 1,101 1,117 
— 13,88 „014 1 1,111 
— 33.05 „012 1,004 1,106 
= 134,22 „010 1,000 1,100 
— 35.39 | ,008 | 1,088 | 1,096 
- — [3% } ,000 1,085 | 1,091 
= = |37»73 | 094 | 2,082 | 1,086 | 
— = 138,90 | ,002 | 1,080 f 1,082 | 


The! 


6 


intermediate ſpecific gravities may be found by taking 
an arithmetical mean between the ſpecific gravities by obſerva- 
tion betwixt which that ſought lies, and noting how much it 
exceeds or falls ſhort of ſuch arithmetical mean; and then tak- 
ing alſo an arithmetical mean betwixt the mathematical ſpecific 
gravities 
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x — — Sulflakcan! 1 
gravitzes ne lie, "and * Wes 
tionate excels or defect. — 

I have added a * of ee F he nitrous acid 70 
water as far as it keeps pace with the increaſe of denfry, 5 bat 
no farther, as 1 arn — With the law of its further 
increafe. 

The ſpecific — of the ſtrongeſt ſpirit of nitre yet made 
is, according to Mr. BAUME, 1, 500 and according to Mr. 
BERGMAN,. 1, 586. | 

I next proceeded to examine the proportion of acid, water, 

and fixed alkali in nitre, in the ſame manner as I had before 
done that in digeſtive ſalt, and found that 100 gr. of perfectly * 


* 
* wk — £ x % 


dry nitre contain 28,48 gr. acid, 5,2 of water, and 66 32 of 
fixed alkali. 

I ſhall now compare the reſult of theſe at with 
thoſe of Mr. HoMBERG. 

The ſpecific gravity of the ſpirit of nitre which Mr. Ho- 
BERG made ufe of was 1, 349; and of this, he ſays, 1 0z. 2 dr. 
and 36 gr. that is, 621 Troy, are requiſite to ſaturate 1 French 
(oz. 472,5 Troy) of dry falt of tartar; according to my com- 
putation 613 gr. are ſufficient ; for this ſpecific gravity lies be- 
tween the tabular ſpecific gravities by obſervation 1,362 and 
1,337, and is nearly an arithmetical mean between them. The 
correſponding mathematical ſpecific gravity lies betwixt the ta- 
bular quantities 1,315 and 1,286, and'is nearly 1,300. Now, 
the proportion of acid and water in this is, 2,629 of acid, and 


8,765 i 
7,465 of water; for — 1, 200 8,765 x .300 
= 7,405 water and = 2, 629 of acid; 


and the ſum of both is 10,044. Now, fince 10, 5 gr. mild ve- 
getable fixed alkali require 3, 55 gr. of acid for their ſaturation, 


47295. 
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| rated to dryneſs, to weigh 1 86 gr. more than before; whereas, 
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472.5 will require 459.7: therefore, if 10,044 gr. of nitre 
contain 2 629 gr. acid, the quantity of this ſpirit of nitre re- 


ties 


quiſite to give 1 59.7 will be 613, 2 nearly, and hence the differ- 


ence betwixt us is only about 8 gr. 


2dly. Mr. HOMBERG ſays, he found his alt, when evapo- 


by my experiment, it ſhould weigh but 92, 8 gr. more than at 
firſt. I ſhall mention the cauſe of this difference in treating of 
tartar vitriolate, for it cannot be intirely attributed to the dif- 
ference of evaporation. | 

3dly. Mr. nomBERs infers, that 1 oz. (that is, 472, 5 Troy 


gr.) of this ſpirit of nitre contains 141 gr. Troy of real 


acid : by my computation it contains but 123,08 gr. of real 


acid. This difference evidently proceeds from his neglecting 
the quantity of water that certainly enters into the compoſition 


of nitre; for he proceeds on this analogy, 621 . 186,6 :: 


A772 - 143: 
The proportion of fixed alkali I have aGaned to nitre is fully 


confirmed by a very curious experiment of Mr. FONTANA's, 


inſerted in RoZIER's Journal for November 1778. This inge- 


nious philoſopher decompoſed 2 oz. of nitre by diſtilling it in a 


ſtrong heat for eighteen hours. After the diſtillation there re- 
mained in the retort a ſubſtance purely alkaline, amounting to 
10 French dr. and 12 gr. Now 2 French oz. = 944 gr. Troy, 
and the alkaline matter amounts to 607 gr. Troy ; and, accord- 
ing to my computation, 944 gr. of nitre ſhould contain +625 
of alkali. So ſmall a difference may fairly be attributed to the 


loſs in transferring from one veſſel to another, weighing, filter- 


ing, evaporating, &c. 


Mr. LAvolsIER, in the Paris Memoirs for the year 1776, has 


given us, after Dr. PRIESTLEY, the analyſis of the nitrous acid. 


In 


2 F 7 vorins fg m = 25 
M 2 02. F rench meaſure e(=9 45 gr. Troy) c of ſpirit of nitre, 


LF, 19 k — 


whoſe ſpecific gravity was Fi $124 he diflolved : 2 O. and 1 dr. 


— 2 ts 14011 


of mercurx; the quantity of ai alr obtained during the ſolution 


— 


was 190 cubic inches French (= 202,55 Engliſh). This air was 
all nitrous. There remained a white mercurial ſalt, which, 
being diſtilled; afforded 12 Cubic inches (= 12,785 Engliſh) of 
abr mixed with red vapours, and which differed little from com- 
mon air. There afterwards aroſe : 224 cubic inches (=" 238, 56 


Engliſh) of depblogiſticated air, during the produQtion of which, 
the mercury. was almoſt revivified, there remaining but a few 


grains of A yellow ſublimate. | The 12. inches of air mixed with 
red | yapours aroſe, he lays, from a mixture of 36 cubic inches 


of nitrous air (= 33, 34 Engliſh) and 14 of. dephlogiſticated ; air 


(14,91 Engliſh); and as: the mercury. was almoſt wholly 1 re- 
vived, he concludes, theſe ai airs aroſe from the nitrous acid, and 


0 464 \d 


formed it ; and hence infers, that 16 Oz. of this ſpirit of bitre 
(= 7560 gr. Troy) contained 13 0Z. 7 dr. 367 gr. (chat! is, 6589 


gr. Troy) of water, and conſequently only 971 gr. Troy af 


real acid, and therefore 2 Oz. of this ſpirit | of nitre contained 


4444 


but 120 gr. Troy of real acid: but, by my calculation, 2 OZ. 


of this ſpirit of nitre contained 213 gr. acid; for its ma- 


thematical ſpecific gravity 45,1 1,26 "% The ſame weight of 
acid will alſo be found i in it by computing the weight of the 
volumes of the different a airs he himſelf found it conſiſt of, or 
at leaſt to afford by its decompoſition; for 202, 5 5 cubic inches 
of nitrous air weigh, by Mr. rox T ANA's experiment, 80,8174 
gr. Troy, and 238, 56 inches of dephlogiſticated air weigh 
100, 1952 gr. Troy, and adding to theſe the weight of 38,34 
inches of nitrous air, and of 14,91. of dephlogiſticated air, 
which made the 12 cubic inches of air mixed with red vapours, 
we ſhall find the whole weight of theſe airs to be 202 181 gr.; 
_ Vor.. I. KEW tlie 


2 
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the few grains wanting of 213 gr. may be accounted for from 
the abſorption of the water in which he received the airs, and 


by 71 for OR. ſtill W or in the yellow Tablitnate. 


« @ © OF OIL OF VITRIOL. 


The = of vitriol I made uſe of was not perfectly dephlo- 
giſticated; but though pale yet a little inclined to ted.” It con- 
tained ſome whitiſh matter, as I perceived by its growing milky 
on the affuſi on of pure diſtilled water. How far this may alter 
the reſult of the following experiments I have not tried; but 
believe it to be as pure as that which is commonly uſed in all 
experiments, and therefore the fitteſt fot my purpoſe. 


To 2 519-7 5 gr. of this oil of vitriol, 'whoſe ſpecific gravity 
was 1,819, I gradually added 180 gr. of diſtilled water, and 


Pl 


fix * after found its ſpecific gravity to be 1,771. 

Io this mixture Lagain added 178,75 gr. of water, and found 
its ſpecific © gravity, when cooled to the temperature of the at- 
moſphere, to be „7193 it was then milky. 5 

I then faturated the lame quantity of the oil of tartar above 

mentioned with each of theſe forts. of oil of vitriol in the 

manner already mentioned, and found the ſaturation to be ef- 
fected (taking the medium of five experiments) by 6,5 gr. of 
that whoſe ſpecific gravity was 1 819 93 by 6,96 Sr. of that 
whoſe ſpecific gravity was 1,771; and by 7,41 of that whoſe 

ſpecific gravity was 1,719. 

I was obliged to add a certain proportion of water to each of 
theſe ſorts of oil of vitriol; for when they were not diluted, I 
perceived that part of the acid was phlogiſticated, and went, off 
with the fixed air; but knowing the quantity of water that was 
added, it was eaſy to find, by the rule of proportion, the quan- 
tity 


2 #i{radtive. Pawerrof variaus. faline Subſtances, 27 
tity — fort. of oil of vitriol that. was taken up by the 
alkali. | 

Hence I ſuppoſed, that each of theſe quantities of oil of vi- 
triol of different denſities contained 3555 gr: of acid, as 'they 
ſaturated the ſame quantity of vegetable fixed alkali as 11 gr. of 
ſpirit of nitre, which contained that quantity of acid. 

I then endeavoured to find the ſpecific gravity of the pute 
vitriolic acid in the ſame manner as I before had that of the 
nitrous, as it cannot be had in the ſhape of bis unleſs united to 
ſuch a quantity of phlogiſton as quite alters its properties. The 
loſs of 6,5 gr. of oil of vitriol, whoſe ſpecific gravity is 1,819 


18 1370 3.572; but as theſe 6, 5 gr. contained, beſides 3, 5 , 


gr. acid, 2,95 of water, the loſs of this muſt be ſubtracted 
from the intire loſs, and then the remainder 0,622 is the loſs of 
the pure acid part in that ſtate of denſity to which it is reduced 
by its union with water. The ſpecific gravity therefore of the 
— 2 = 


pure vitriolic acid in this ſtate of denſity 1 IS 3622 5707. But 


to find its natural ſpecific gravity we 1 and how much its 
denſity is increaſed by its union with this quantity of water : 
and, in order to obſerve this, I proceeded as before with the 
nitrous acid. 6,96 gr. of oil of vitriol, whoſe ſpecific gravity 
was 1,771, contained 3,55 gr. acid, and 3,41 of water ; then 
its ſpecific gravity by calculation ſhould be 1,726, for the loſs 


of 3,55 gr. acid is 0 


= 0622; the loſs of 3,41 gr. water is | 
6,96 
3,41 ; the ſum of the loſſes 4,032. Then, py = 17,261 ; 


therefore the accrued denſity is 1,771 = 1,726 , 045. Taking 
this therefore from 1, 8 19, its mathematical ſpecific gravity will 


be 1,774, then the loſs of 6,5 gr. of oil of vitnol, whoſe 
E 2 : ſpecific 
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uu gravity by obſervation f is 1,879, will be found to be 


4 i 8 7 3,664; but of this 2,9 5. gr. are the loſs of the water ĩt 


contains, and the remainder 0,714 * are the loſs of the mere 


acid part. Then, S = 4,9649 1s — the true ſpecific gra- 


vity of the pure vitriolic acid. 

I then found the true increaſe of denſity ariſing from the 
union of the vitriolic acid and water in the foregoing mixtures, 
and obſerved, that in oil of vitriol, whoſe ſpecific gravity was 
1,771, it was 0, 84, and in that whoſe ſpecific gravity was 
1,719, It was o, 100. 

To obtain a ſynthetical proof of theſe deductions, I compared 
them with the ſpecific gravities of the firſt mixtures I had made; 
for if theſe deductions were true, the mathematical ſpecific gra- 
vities, and the accrued denſities, added to each other, ſhould 
amount to the ſame quantity as the ſpecific gravities by obſerva- 
tion; and this I found to happen very nearly; for in the firſt 
experiment, where 2519,75 gr. of oil of vitriol, whofe ſpecific 
gravity was 1,819, were mixed with 1 80 gr. of water, that oil 
of vitriol contained by my calculation 1376, 171 gr. of acid and 
1143, 597 gr. of water, beſides the 180 gr. of water that were 
added to it, the loſs of the acid was — = 277,23. - 'T'he 
whole quantity of oil of vitriol was 2699,75 gr.; then the 


tum of the lofles was 1600,81 ; and therefore the mathemati- 


— — 75 = = 1,086; to which, adding ,084 the 


degree of accrued denſity, the ſpecific gravity by obſervation 


cal ſpecific gravity 


* By miſtake, the following calculations were made on the ſuppoſition that the 


| loſs was 0,715 ; the difference being immaterial, the calculations were not 
repeated. 


a 3 thould 


and atiractive Powers of various ſaline S ubftances. 

 Hould be 1, 70, which wants leſs than Loooth * in 2700 
of being Juſt. 

Again: in the mixture, whoſe ſpecific gravity was 1,719 

the ſum of the loſſes was 1 779, 549, and the weight of the 

whole 2878, 4, the mathematical ſpecific gravity ſhould be 

2778,400 


1779549 
by obſervation ſhould be 1,717, which is nearly the truth. 


By continuing theſe mixtures until. the ſpecific gravities by 
calculation and obſervation nearly coincided, I formed the fol- 
lowing table. The extra-tabular proportions are to be ſought 
in the manner already ſhewn ; the two firſt ſeries were formed. 
by analogy. 
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S 1,617, to which adding 0,100, the ſpecific gravity 


Og - 


F. 
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ou? and] Acid. A Accrued Mathema- . vpecttic tract. Aciracty] 
'piritof| denſity. '|tical ſpecific gravity by ſof the acidjof water t 
vitriol, | ravity. - [obſervation to water. che acid; \ 


Ty 


» 
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| $o58 | = — 2,03 „000 2,032 2,032 5005 } 0,140 
n I 2,49 5005 1,884 1,889 045 l ©,149 | 


6,5 |= = | 2,95 | 045 | 14774 | 1,819 ,034 | 0,139 
| 6,96 — — | 3,41 | 034 | 1,687 | 1,777 | 0,100 | 0,137 
| 7,41 | — — | 3,86 | 0,100 | 1,019 | 1,719 o, 112 0,129 


| 
7,87 | = = | 4532 | 0,112 | 1,563 | 1,655 | 0,122 | 0,122 


| 8 SS. 4,78 10, 22 1,515 1,637 Q,129 0,112 
I 8,79 | — - | 5,24 | 0,129 | 1,476 1,605 | 0,137 | 0,100 
| 9,25 |- — | 5,70 | o, 1371,41 1,578 | 0,139 „84 
| 9,71 |—- — | 6,16 |. 0,139 | 1,412 f 1,551 o, 149 „045 
10,17 — — | 6,62 | 0,140 | 1,385 |} 1,525 „14 | ,oog. 
10,63 = -.| 7,08 } 0,139 | 1,363 | "8-502 55 F oY 
11,09 | = = | 754 | ©,132 | 1,343 | 1,475 | . —— 
11,35 3, 0 o, 127] 1,325 1,452 | | 
[12,01 | — — | 8,46 | 0,120 1,308 1,428 | 
[12,47 | = = | 3,92 0, 113 1,294 1,407 | 
| 12,93 | = — | 9,33 | 0, 10 1,280 | 1,386 | | 
| 13,39 | = — | 9,84 | 0,100 | 1,268 | 1, 368 
| 13,05 | = — [10,30 f ©,094 | 1,257 1,351 | 
{14,31 | — — | 10,76 | 2 1,247 1,335 
I — — [13,22 | O©,03 23209 | 120 ; 
3 111 — — 11,68 „078 | 1,228 1,306 | 
| 15,09 | 3-55 | 12,14 | 3074 15220 1,294 | | 
16,15 — — [12,60 „070 | 1,212 1,202 | Ws 
16,61 — — [13,06 | ,066 | 1,205 1,271 | 
17,07 | — |13,52 | ,062 | 1,199 | 1,261 


17,53 = 13,98] ,059 | 1,191 | 1,250 
177,99 | = 14, 4 | ,056 | 1,187 | 1,243 
18,45 | = = | 14,90 053 | 1,181 | 1,234 
18,91 | = — | 15,36 ,050 | 1,176 1,226 
19,37 | = — | 15,82 | 047 | 1,167 | 1,214 | | 


= 19,83 „ 16,28 044 1,166 1,210 | 
*# 20,29 | = = 10,74 | 4,040 I,162 * | 
20,75 | = = | 17,20 „038 *: he | 
I 17,66 | »035 | 1,154 151 | 
! 21,07 — — 18,12 5032 J 1,150 15 | 
22, 13 3 18, 58 1 029 1,146 | 1,175 = 
[22,59 | = — [19,04 | ,o26 | 1,143 | 1,169 | 
23,05 = 19,50 023 | 1,140 1163 
23,51 = — [19,96 | ,020 | 1,137 | 1,157 | 
23,97 | = = | 20,42 018 1,134 1,152 | 
[23:97 — — [20,88 | ,o16 | 1,13i | 1,147 | 
{24,89 | — — | 21,34 „014 | 1,128 { 1,142 | 
2,35 - — 21,80 | ,o12 | 1,125 1,137 | 
125,81 | — — | 22,26 010 | 1,123 1,13 
26,27 | = — | 22,72 ,008 I,120 1,120 | 
15124 
1,120 
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The ſpecific gravity of the moſt concentrated oil. of vitriol 
yet made is, according to Mr. BAUME- and BERGMAN, 2,125. 
Tafcertained the proportion of acid water and fixed alkali in 
tartar vitriolate, as before, in nitre and digeſtive ſalt. I found 
the ſalts, reſulting from the faturation of the ſame oil of tar- 
tar, with portions of oil of vitriol of different ſpecific gravi- 
tics, to weigh, at a medium, 12, 45 gr. Of this weight only 
11,85 gr. were alkali and acid, the remainder therefore was 
water, vis. 0,6 of a grain; conſequently 100 gr. of perfectly 
dry tartar vitriolate contain 28, 51. gr. acid, 4,82 of water, and 
66,67 of fixed vegetable alkali. Note, in drying this ſalt I- 
ufed a heat of 240 to expel the adhering acid more thoroughly. 
J kept ĩt in that heat a quarter of an hour. 
According to Mr. HoMBERG,. 1 French or. (or 472, 5 gt. 
Troy) of dry ſalt of tartar required 297, 5 gr. Troy of oil of 
vitriol, whoſe ſpecific gravity was 1, 674, to ſaturate it; but, 
by my calculation, this quantity of fixed alkali would require 
325 gr.: a difference which, conſidering our different methods 


ry . - * 


of determining the ſpecific gravity of liquids (his method, . 
viz. that by menſuration, giving it always leſs than mine) the 
different deficcation of-ouf alkalies, &c. may paſs for incon-- 
Si ey | 
The reſulting ſalt weighed, according to Mr. noMaeRs, 
182 gr. Troy above the original weight of the fixed alkali; 
but by my experiment it ſhould weigh but 87,7 gr. more; for 
= 10,5 . 12,45 :: 472, 5. 560, 2. It is hard to fay how Mr. 
HOMBERG could find this great exceſs of weight both in nitre 
and tartar vitriolate, unleſs he meant by the original weight of 
the ſalt of tartar the weight of the mere alkaline part, diſtinct 
from the fixed air it contained: and indeed one would be 
tempted to think, he did make this diſtinction; for in that 
6 caſe 
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ca e the exceſs of weight will be very nearly ſuch as he deter- 
mined it: for = 105 . 8,31 472, 5. 373,3. Now, the whole 
weight of his nitre was 560, 2, as I have above ſhewn 2» then 
560, 2— 373,3=116;9; whe. is only 4 gr. more. than | he de- 
termined it. 

Hence he inferred, that x 1 oz. (avs; 5 gr. Troy) 4 this all 
of vitriol contains 291,7 gr. 0 of acid. By my computation it 
contains but 2413, 3; but it muſt be conſidered, he made no 
allowance for the water contained in tartar vitriolate, and .ima- 
gined the whole of the increaſe: of weight proceeded from the 
acid that is united in it to the fixed alkali. Now the aqueous 
Part in 560 gr. of tartar vitriolate amounts to 37 gr. the re- 
maining difference may be attributed to the different degrees of 


deſiccation, & c. 


OF THE ACETOUS ACID. 


JE => 


1 hare made mo e on this ld; but, by calculating 
om the experiment of Mr. HOMBERG, 1 find the ſpecific gra- 
p ; vity of the pure acetous acid, Free. from, ſuperfluous. water, 

ſhould be 2,130. It is probable, its affinity to water is not 
17 | ſtrong. enough to cauſe any irregular increaſe 1 in its denſity, at 
1 leaſt that can be expreſſed by three decimals; and hence its pro- 
] portion of acid and water may always be calculated from its 
ſpecific gravity and abſolute weight. | 
100 parts of foliated tartar, or (as it ſhould rather be called) 
acetous tartar, contain well dried 32 of fixed alkali, 19 1 acid, 
and 49 parts of water. 

The ſpecific gravity of the „ concentrated vinegar yet 

made is 1,069. 
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oo harder to find the point of faturation with the vegetable 
pow with the mineral acids; becauſe they contain a mucilage 
that prevents their immediate union with alkalies, and hence 
they are commonly uſed in too great quantity. They ſhould 
be uſed 9 hot, and ſufficient time allowed them to 
unites! | | 
From theſe experiments it follows: 

Iſt. That fixed vegetable alkalies take up an 1 quantity of 
the three mineral acids, and probably of all pure acids; for we 
have ſeen, that 8, 3 grains of pure vegetable alkali (that is, free 
from fixed. air) take up 3, 55 gr. of each of theſe acids, and con- 
ſequently 100 parts of cauſtic fixed alkali would require 42,4 
parts of acid to ſaturate them. Now, Mr. BERGMAN has 
found, that 100 parts of cauſtic fixed vegetable alkali take up 
47 parts of the aerial acid, which, conſidering his alkali might 
contain ſome water, differs but little from my calculation. It 
ſhould therefore ſeem, that alkalies have a certain determinate 
capacity of uniting to acids, that is; to a given weight of acids; 
and that this capacity is equally ſatiated by that given weight 
of any pure acid indifcriminately. This * is about 2,35 
of the weight of the vegetable alkali. 

2dly. That the three mineral acids, and vebhably: all pure 
acids, take up 2,253.times their own weight of pure vegetable 
alkali, that is, are ſaturated by that quantity. 
zaͤly. That the denſity accruing to compound ſubſtances 
from the union of their component parts, and exceeding its 
mathematical ratio, increaſes from a minimum, when the quan- 
tity of one of them is very ſmall in proportion to that of the 
other, to a maximum, when their quantities differ leſs; but 
that the attraction, on the contrary, of that part which is in 
the ſmalleſt quantity to that which is in the greater, 1s at its 

Vor.. LXXI, 3 maximum 
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reciprocally ; and hence the point of ſaturation is probably the 
maximum of denfity and the minimum of ſenfible attraction of 

one of the parts. Hence no decompoſition operated by means 

of a ſubſtance that has a greater affinity with one part of a com- 
pound than with the other, and than theſe parts have to each 
other, can be complete, unleſs the minimum affinity of this 
third ſubſtance be greater than the maximum affinity of the 
parts already united. Hence few decompoſitions are complete 
without a double affinity intervenes ; and hence the laft portion 
of the ſeparated ſubſtance adheres ſo obſtinately to that to 
which it was-firſt united, as-all chemiſts have obſerved. Thus, 
though acids have a greater affinity. to phlogiſton than the earths 
of the different metals have to it, yet they can never totally 
dephlogiſticate theſe earths but only to a certain degree; fo 
though atmoſpheric: air, and particularly dephlogiſticated air, 
attracts phlogiſton more ſtrongly than the nitrous acid does; yet 
not even dephlogiſſicated air can deprive the nitrous acid totally 
of its phlogiſton, as is evident from the red colour of the nitrous 
acid when nitrous air and dephlogiſticated air are mixed toge- 
ther. Hence alſo mercury precipitated: from its ſolution in any 
acid, even by fixed alkalies, conſtantly retains a portion of the 
acid to which it was originally united, as Mr. BavEx has 
ſhewn ; ſo alſo does the earth of allum, when precipitated in 
the fame manner from its ſolution; and thus feveral anomalous 
decompoſitions may be explained. Indeed, I have reaſon to 
doubt, whether mercury does not attract acids more ſtrongly 
than alkalies attract them. | | 
4thly. That concentrated acids are, in ſome meaſure, phlo- 


giſticated, and evaporate by union with fixed alkalies. 


5thly. 
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zthly. That, knowing the quantity of fixed alkali in oil of 
tartar, we may determine the quantity of real pure acid in any 
other acid ſubſtance that is difficultly decompoſed, as the ſeda- 
tif acid, and thoſe of vegetables and animals; for. 10,5 gr. of 
the mild alkali will always be ſaturated by 3, 55 gt. of real acid: 
and reciprocally, the quantity of acid in any acid liquor being 
known, the quantity of real alkali in 3 vegetable alkaline 
liquor may be found. 


OF THE 1 GRAVITY OF FIXED AIR 
IN ITS FIXED STATE. 


Being defirous to know the ſpecific gravity of ſome ſub- 
ſtances which are difficultly procured, or at leaſt (preſerved for 
y time, free from fixed air, ſuch as fixed and volatile alkalies, * 
I was induced to ſeek the ſpecific gravity of the former in its 
fixed ſtate as of an element neceſſary to the calculation of the 
latter; it being very evident, that its denſity, in its fixed ſtate, 
muſt be very different from that 1 it poſſeſſes in its fluid 
elaſtic ſtate. 

I therefore took a piece of white marble, of the pureſt kind, 
which weighed 440, 25 gr. and weighing it in water, found it 
to loſe 162 gr.; its ſpecific gravity was therefore 2,7175. 

Of this marble, reduced to a fine powder, I put 180 gr. 
into a phial, and expelling the fixed air by the dilute vitriohc 
acid and heat, I found its quantity amount to 105,28 cubic 
inches; the thermometer being at 65*, and the barometer be- 
tween 29 and 30 inches, this bulk of air would, at 55” of 
FAHRENHEIT, occupy but 102, 4 cubic inches; at which tem- 


perature, according to the experiment of Mr. FONTANA, a 
F 2 cubic 
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cubic inch of fixed air (the barometer being at 29) would 
weigh 0,57 of a grain; therefore the weight of the whole 
quantity of fixed air amounted to 58,368 gr. which is nearly 
one third of the weight of the marble. At this rate, 100 gr. 
of the marble contained 32,42 of fixed air. 

To determine the proportion of water and calcareous earth, 
and alſo the ſpecific gravity of this latter, I put 3009, 25 gr. of 
the ſame marble finely powdered into a crucible, looſely covered; 
the crucible and its contents, before calcination, weighed 8394 
gr. and after remaining fourteen hours 1 in a white heat I found 
it to weigh 706), 5 gr. The weight of the crucible alone was 
5384,75 gr.; therefore the weight of the lime ſingly was 
1682,75 gr. The marble then loſt by calcination 1326, 5 gr. 
180 gr. of the marble ſhould then loſe 79,343 gr. and 100 gr. 
ſhould loſe 44,08 ; but of theſe 44,08, 32,42 were fixed air, as 
is already ſeen, therefore the remainder, that is, 11,66 gr. 
were water, and the quantity of pure calcareous earth in 106 
gr. of the marble was 55,92 gr. 

I next proceeded to diſcover the ſpecific gravity of the lime. 

Into a braſs box, which weighed 607,65 gr. and in the bot- 
tom of which a ſmall hole was drilled, I ſtuffed as much as 
poſſible of the finely powdered lime, and then ſcrewed the cover 
on, and weighed it both in air and water. When immerſed in 
this latter, a conſiderable quantity of common air was expelled ; 
when this ceaſed, I weighed it. The reſult of this experiment 
was as follows : 


Weight 


a, 
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Gr. 
Weight of the box in air - . 607,65 
Its loſs of weight in water = 73.75 
Weight of the box and lime in air 1 


Weight of the lime ſingly in air — 4J335:³835 
Loſs of weight of the box and lime in water 256, 5 
Loſs of weight of the lime ſingly — 182,3 

Hence, drviding the abſolute weight of the lime by its loſs: 
in water, its ſpecific-gravity was found to be 2, 3908. 

From theſe data 1 deduced the ſpecific gravity of fixed air in 
its fixed ſtate ; for 100 gr. of marble conſiſt of 55,92 of earth, 
32,42 of fixed air, and 11,66 of water; and the ſpecific gra- 
vity of the marble 1s 2,717. Now, the ſpecific gravity: of the 
fixed air, in its fixed ſtate, is as its abſolute weight divided by 
its loſs of weight in water; and its loſs of weight in water is 
as the loſs of 100 gr. of marble minus the loſſes of the pave” 

calcareous, earth and of. the water. 


Loſs. of mo of marble = 277, = 36,8 gn. 


Loſs of 5 5,92 gr. calcareous earth 8 I = 23,39 gr. 
Loſs of 11,66 gr. water = 11,66 
35705 


Then the loſs of the fixed air 36, 8 — 35, 5 = 1,75; conſe- 


4 ww 3 2 
quently, its ſpecific gravity is RE = 18,52; by which it appears 


to be the heavieſt of all acids, or even ot all bodies yet known, 
gold and platina excepted. 


OF 


- 
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or FIXED VEGETABLE ALKALT. 


As the manner of conducting the experiments I made on this 
ſalt was nearly the ſame as that I uſed in the foregoing (except 
that to find its ſpecific gravity I weighed it in æther inſtead of 
water), I ſhall content myſelf, to avoid the repetition of tedious 
calculation, with relating the reſult of theſe experiments. | 

iſt. I found that / co gr. of this alkali contain about 6,7 gr. 
of earth, which, according to Mr. BERGMAN, is filiceous : this 
earth paſſes the filter with it when the alkali is not ſaturated 
with fixed air, ſo that it ſeems to be held in ſolution as in /iguor ' 
filicum. | 

2dly. I found, that the quantity of fixed air in oil of tartar 
and dry vegetable fixed alkali is various at various times and 
in various parcels of the ſame falt ; but that at a medium in the 
purer alkalies it may be rated at 21 gr. in 100; and hence 
the quantity of this alkali in any ſolution of it may be very 
nearly gueſſed at, by adding a known weight of a dilute acid to 
a given weight of ſuch ſolution, and then weighing it again; 
for as 21 is to 100, ſo is the weight loſt to the weight of mild 
alkali in ſuch ſolution. 

The ſpecific gravity of mild and perfectly dry four times cal- 
cined fixed alkali, free from filiceous earth, and containing 21 
per cent. of fixed air, I found to be 505 27. 

When it contains more fixed air, its ſpecific gravity is proba- 
bly higher, except it were not perfectly dry: from whence I 


inferred the ſpecific gravity of this alkali, when cauſtic and 
free from water, to be 4, 234. 


6 


From 
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| From the weight of the aerial acid, in its fixed ſtate, it hap- 
pens, that fixed alkalies, when united to it, are ſpecifically 
heavier than when united either to the vitriolic or nitrous acids. 
Thus Mr. x. wArsox, in the Phil. Tranſ. for the year 1770, 
p. 337. found the ſpecific gravity of dry ſalt of tartar (including 
ſiliceous earth) to be 2,761 : whereas the ſpecific gravity of tar- 
tar vitriolate was only 2,636, and that of nitre 1,933. The 
reaſon why nitre is ſo much lighter than tartar vitriolate, is, be- 
cauſe it contains much more water, and its union with the 
alkali is leſs intimate. 

Laſtly, I have drawn up a table of the quantity of mild al- 
kali, containing 6,7 per cent. of earth (which is its uſual degree 
of purity) to be found in natural or artificial ſolutions of this 
alkali, the thermometer at 63'; and though it is not quite ac- 
curate, wanting about 1,1 per cent. of the truth, yet, I pre- 
ſume, it may be found uſeful, as this error is eafily corrected. 


„ 
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"Table of the contents of a 2 of mild vegetable alkali, 


according to its 880 gravity. 
3r. of the] Gr. of Ur, of | Accrued 
ſolution, | alkali. | water, | denſity. [tical ere rig by 
- | gravity. bſervation 
64.92— = | 38,67 | „050 1,445 1,495 
79,00 | — = | 44335 „049 ] 15393 | 1,440 
6,28 |= —- | 50,03 | ,048'| 1,356 | 1,404 
81,96 — —{\ $5,71 | . 047 | 1,324 | 1,37! 
87,564 = — | 61,39 „046 1,29; | T2343 
93432 | = — | 67,07 2045 1,274 } 2,319. 
99,00.] = —| 72575 | 044 | 15254 | 15298 | 
104,68 | —] 78,43 | ,043 | 1,237 | 1,280 | 
110,30 | — — | "84,11 „0421, 223 1, 268 
12785 =; = | 89,79 | 2041 |- 1,209 1,250 | 
121,06 | - — | 95,4 „oo | 1,198 |} 1,238 | 
127,34 —— 101, 15  ,039 | 1,187 1,226 
113 4 106, 83 „038 | 1,178 1,210 
1387 : |= 12,51] ,037 | 1,170 1,207 |} 
| 144, [113,9 ,036 | 1,162 1,198 
| 149,98 | = — | 123,87 | »035 1,155 ] 1,190 
| 155,66 | = — | 129,55 »034 | 1,149 | 1,103 
| | 201,34 | = = | 135,23 »033 | 1,143 1,170 
q 167,02 | 26,25. | 140,91 | ,032 | 1,138 | 1,170 
N 1 172,590 | = = | 146,59 031 1,132 1,163 
| 1 178,38 | = — | 152,27 ,030 | 1,128 | 1,158 
i ] 184,06 | = = | 157,95 | y029 | 1,123 | 1,152 | 
1 | 189,74 | = — | 163,03 ,028 1,119 1,147 
1 | 195,42 | = = | 169,31 | 4027 1,5115 | 1,142 
1 | 201,10 | = =— | 174,99 ,026 1,112 „138 
| 1 206,78 | — — | 180,67 „025 1,108 1,133 
1 | 212,46 | = — | 186,35 „024 | 1,105 | 1,129 
10 218,14 | = = | 192,03 ,023 | 1,100 | 1,123 
13 223,02 | = — | 197,71 | „022 1,009 | 1,121 
229,59 | = = | 203,39 | O21 1,097 1,118 
| 235,18 | — — | 209,07 ,020 | 1,094 | 1,114 
| 240,86 | = — | 214,75 o, 19 | 1,092 © 1 + 
240,54 | = = | 220,43 | 01 1,089 I,107 
| 252,12 |= — | 226,11 0,17 | 1,087 | 1,104 | 
| 257,00 |= — | 231,79 ,016 | 1,085 I,101 
203,48 — = | 237,47 „015 1,083 } 1,098 
| 269,16 1 — — | 243,15 014 | 1,081 {| 1,095 | 


I Gro 


"3.8 
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{Gr. of the] Gr. of | Gr. of | Accrued Mathema- Specitic 
ſolution. | alkali. | water, | denſity. [tical ſpecific} gravity by 
WO WS gravity, ſobſervation} 
{274978 |= = | 248,83 |.,013. 1, % | 1,092 2 
280,40 | = — | 254,51 ,012 | 1,077 1,089 
280,14 | = — | 260,19 011 1,076 . 1,087 
291,82 | = — | 205,87 „010 1,074 1,084 
297,50 | = = | 271,55 ,009 1,070 1,079 
303,18 | = — | 277,23 ,008 1,099 1,077 
308,86 | 26,25| 282,91 ,007 1,068 1,075 
314,54 | = =— 289,59 : ,co6 52 1,066 1,072 
819,22 | = — | 294,27 ,005 1,065 1,070 
324,90 | — — | 300,45 004 1,004. 1,008 | 
330,58 | — — | 306,13 | ,003 1,003 1,066 
336,2 — — | 311,81 ,002 3,002 Þj 21,004. 
34 1294 2 LAY — 2200 ( 1 Lon 


ſs Jt i 'D #1 


Jinpere ——_— 4 . ſuch as Fu aſh, pot aſhes, &c. 
contain more fixed air, as appears by the experiments of Dr. 
LEWIS. Pearl aſh, according to Mr. CAVvENDISR, contains 28,4 
or 28,7: per cent. of fixed air. Hence in lyes of equal ſpecific 
gravity with thoſe of a purer alkali, the quantity of ſaline mat- 
ter will be more probably in the ratio of 28, 4 or 28,7 to 215 
but this ſurplus weight is only fixed air; and hence even in theſe 
lyes the quantity of depurated ſalt they will afford will be found 


by the above table. Much alſo N 


containing moſt fixed air. 
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s on their age, the oldeſt 
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III. 1 ls of the vialent Storm of Lightaing a Fade lum, 
in Suffex, Sept. + % 1380; communicated by Owen Sal uſbu ure 
Brereton, Efq- F. R. and A. - i | 


Read December 14, 1780. 


W324 


"AM defired by my friend and nedfibour JAMES ADATR, Flq.. 
of Soha Square, to communicate to you an account of the 
1 accident which happened to him and his family at Eaſt- 
bourn, in the county of Suſſax, at nine o'clock in the morning, 
on Sunday the ſeventeenth of September laſt. He rented a 
houſe which ſtood by itfelf, built of various forts of ſtone, 
three ſtories. high, and facing the fea, which was nearly South- 
eaft of it. The morning was very flormy, with rain, thunder, 
and lightning ; and juſt at nine o'clock a horrid black cloud ap- 
peared, out of which Mr. anair ſaw ſeveral. balls of fire drap 
into the ſea ſucceſſively, as he was approaching the window in 
2 one-Pair of ſtairs room; and very ſoon after, as he was ſtand- 
ing at it with his hands claſped, and extended open againſt the 
middle of the frame, a moſt violent flath of fire forced his hands 
aſunder, and threw bim ſeveral yards upon the floor on his. 


back, with both his legs upright in the air, which remained 


long fo fixed. He was very ſenfible of his ſituation all the time, 
but could not open his eyes or ſpeak ; nor had he the leaſt 
power of motion of any of his limbs for a long time. On 


3 
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kelp cbming in, ind examitmng his cloaths, which were blue 
cloth, his right ſleeve, both of coat and waiſtcoat, and alſo ſhirt, 
were all torn on the inſide of the arm entirely open, as if by a 
dog, from the fhoulder to the wriſt; the riglit- ſide of the 
breeches was torn in the ſame manner, and part of each of 
the brafs buttons melted. 

He had in his fob a gold watch with à fteel chain; the but- 
ton which opens it and three other places of the caſe were 
melted. The pendant to which the chain is fixed was almoſt 
melted through, and much of the ſteel chain is incorporated with 
it, as is reciprocally ſome gold oh that part of the ſteel which 
was within the fob. The going of the watch had ftopped in- 
ſtantaneoufly, occaſioned, as at firſt appeared by the ſmall 
pendulum ſpiral fteel ſpring having been lengthened ;-not that 
it was abſolutely ſo, but relatively, reſpecting the ſcapement of 
the watch, the feveral inner turns being brought cloſer together. 

His right-arm, right-fide, and thigh, were miſerably ſcorched, 
and the fleſh torn : the foot of the ſtocking of his right leg and his 
ſhoe were torn in ſeveral places between the buckle and the toe- 
end of the ſhoe, and one of his toes ſplit almoſt to the bone; but 
the buckle, which was a broad filver one, was not the leaſt hurt 
or even marked, and remained buckled as before. His fleeve- 
button of gold, in which was platted hair covered with cryſtal, 
was broken from its link, and neither hair or cryſtal have been 
found ſince. A key and a pen- knife in his right · ſide breeches 
pocket have ſeveral marks of fuſion upon them. 

The frame of the window on which Mr. aDaig was lean- 
ing was little damaged; but every pane of glaſs ſo completely 
ſmaſhed, you could ſcarce perceive it had ever had glaſs in it. The 
room was ſtuccoed and papered, and between the windovvs hung a 
large pier glaſs, which, with much of the ſtucco, was ſhivered to 
pieces, and ſtrewed over the floor. A door oppoſite the window 
G 2 Was 
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was latte red to pieces, and the põſts of a bed i in 4 room n behind 
it, and all the bell-wires were deſtroyed. | 

Under the dining- room Mr. AbAlR was in, on the e 
floor, were His coachman, butler, and footman. The coach- 
man was gving to open a glaſs- door to go towards the fea, and 
was ſtruck dead. His body was totally black. His cloaths, 
and the caul of his Wig, and cravat, were much torn ; but no 
particular fleſh wound was found. The enamelled face of his 
filver watch was broken to pieces, and the links of his ſteel 
chain faſtened together. e 

The footman was dreſſing his hair near a window, when he 
was thrown dead on the ground. He appeared much ſcorched, 
bruiſed, and Black. He had a very large wound in his fide 
which penetrated near his heart; but very little, if any, blood 
came from it. His buck- ſkin breeches were much torn, and the 

ſteel of a metal knee-buckle driven through them. The window 
ſiaſh was driven into the room, and a ſtone, about eight inches 
ſquare, forced out of the wall into the middle of the room, 
not far from the body. The butler was a yard or two behind 
the coachman, and going out with a teleſcope in his hand, 
which was forced in pieces from him, his hat and wig were 
thrown to ſome diſtance, and he perceived a violent preſſure on 
his ſkull and on his back, but was no otherwiſe hurt. He had a 
ſilver watch with a filver chain, which received no damage. 

In the room over Mr. apaiR's, a young lady was dreſſing, 
and her maid attending. They were both driven to a diſtant 
part of the room, and rendered inſenſible for ſome time, but 
not hurt. The poſts of the bed ſhe had juſt left were all ſhivered 


to pieces, and the bell wires deſtroyed, and the chimney thrown 
down on the roof. 
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* oy” Lightning o Rat-bourn, in Suffer. . 
It is to be remarked, that though the bodies of the two ſer- 
vants lay unburied from the Sunday till Tueſday, all their 
limbs were as entirely flexible as thoſe of a living perſon. 
M ultitudes on the ſhore before the houſe ſaw the meteor dart 
in a right line over their heads, and break againſt the front of 
the houſe in different directions, and all agreed the form and 
flame was exactly like that of an immenſe ſky- rocket. 


Tu. 1 Ane 17 the 1— a fngular African Wind. 
By Matthew Dobſon, M. D. F. R. S.; communicated by John 
- Fothergill, M. D. F. R. F. 


Read December 7, 1780. 


HE Harmattan is a periodical wind which blows from 
the interior parts of Africa towards the Atlantic Ocean, 
and poſſeſſes ſuch extraordinary properties, as to merit the at- 
tention of the naturaliſt, making a curious and important — 
in the hiſtory and theory of the winds. | 
The firſt information I had on this ſubject was from my 
friend Mr. Nonnkls, who has frequently viſited the Coaſt of 
Africa, and is a gentleman of an excellent underſtanding and 
ſtrict veracity. This information immediately excited my at- 
tention ; and as Mr. NokR1s was preparing to make another 
voyage to that part of the world, I defired him to confirm the 
facts which he had related, by further inquiries, experiments, 
and obſervations ; and it is from theſe materials, with which I 
have been obligingly furniſhed * Mr. NORRIS, that the follow- 
ing account is drawn up. 
On that part of the Coaſt of Africa which lies between Cape 
Verd and Cape Lopez, an eaſterly wind prevails during the 
months of December, January, and February, which by the 
Fantees, a nation on the Gold Coaſt, is called the Harmattan. 
Cape Verd is in 15 N. latitude, and Cape Lopez in 1* S. lati- 
tude, and the coaſt between theſe two Capes runs, in an oblique 
direction, 
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direction, nearly ftom W.S.W. to E.S.E. forming a range | of 
upwards of two thouſand one hundred miles. At the Mes de 

Los, which are a little to the northward of Sierra Leone, and 
| to the Southward of Cape Verd, it blows from the E.S. E. on 
the Gold Coaſt from the N.E. and at Cape Lopez and the River 
Gabon from the N.N.E. This wind! is, by the French and Portu- 
gueze who frequent the Gold Coaſt, called ſimply the N. E. 
wind, the quarter from which it blows. The Engliſh, who 
fometimes borrow words and phrafes from the Fantee language, 
which is leſs. guttural and more harmonious than that of their 
neighbours, adopt the Fantee word Harmattan. | 

The Harmattan comes on indiſcriminately at any hour of the 
day, at any time of the tide, or at any period of the Moon, 
and continues ſometimes only a day or two, ſometimes five or 
fix days, and it has been known to laſt fifteen or ſixteen days. 
There are generally three or four returns of it every ſeaſon. It 
blows with a moderate force, not quite ſo ſtrong as the ſea 
breeze (which every day ſets in during the fair ſeaſon from the 
W. W.S.W. and S.W.) ; but ſomewhat ſtronger than the land 
wind at night from the N. and N.N.W. 
1. A fog or haze is one of the peculiarities which always ac- 
companies the Harmattan. The gloom occaſioned by this fog 
is ſo great, as ſometimes to make even near objects obſcure. 
The Englith fort at Whydah ftands about the midway between 
the French and Portugueſe forts, and not quite a quarter of a 
mile from either, yet very often from thence neither of the 
other forts can be diſcovered. The ſun, concealed the greateſt 
part of the day, appears only about a few hours about noon, and 
then of a mild red, exciting no painful ſenſation on the eye. 
As the particles which conſtitute the fog are depoſited on the 
graſs, the leaves of trees, and even on the ſkin of the negroes, 
ſo 
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57 as to wake chem appear whit itith, . I recommended to Me. 
NORRIS the uſe of a good microſcope, . as this might poſſibly 
diſcover ſomething concerning the nature of theſe particles. 
40 1 was prevented, ſays Mr. NORRIS, 1 by the bad ſtate of 
0 my health from availing myſelf of. the microſcope ; 3 neither 
could I diſcover any thing by the taſte, or by expoſing plates 
« covered thinly with melaſſes, for when Thad dropped an acid 
44 or alkali into the water in which I had diflolved the melaſſes, 
40 nothing followed to enable me to judge of the nature 
« of the particles. Surely they cannot be inſects, or ani- 
, malculz of inſects? for we have no appearance of any 
a thing produced. from the myriads of them which are depoſited 
con the earth. They do not flow far over the ſurface of the 
„ ſea: at two or three- miles diſtance from the ſhore the fog 18 
not 40 thick as on the beach; and at four or five leagues diſ- 
< tance it is intirely loſt, though the Harmattan itſelf is plainly 
« felt for ten or twelve leagues, and blows freſh enough to alter 
e the courſe of the current.” „ 5 

2. Extreme dryneſs makes another extraordinary property of 
this wind. No dew falls during the continuance of the har- 
mattan; nor is there the leaſt appearance of mojſture 3 in the 
atmoſphere. Vegetables « of every kind are very much injured ; 
all tender plants, and moſt of the productions of the garden, are a 
deſtroyed ; the graſs withers, and becomes dry like hay ; the 
vigorous ever-greens likewiſe feel its pernicious influence; ; the 
branches of the lemon, orange, and lime trees droop, the 
leaves become flaccid, wither, and, if the harmattan continues 
to blow for ten or twelve days, are ſo parched as to be eafily 
.rubbed to duſt between the fingers: the fruit of theſe trees, 
deprived of its nouriſhment, and ſtinted in its growth, only 
appears to ripen, for it becomes yellow and dry, without 
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cite ares uſual fize. The natives rake. this oppor- 
tunity of the extreme dryneſs of the graſs and young trees to 
ſet fire to them, eſpecially near their roads, not only to keep 
thoſe roads open to travellers, but to deftroy the ſhelter which 
long graſs, and thickets of young trees, would afford to ſkulk- 
ing parties of their enemies. A fire thus lighted flies with ſuch 
rapidity as to endanger thoſe who travel: in that ſituation a 
common method of eſcape is, on diſcovering a fire to windward, 
to ſet the graſs on fire to leeward, and then follow your own fire. 
There are other extraordinary effects produced by the extreme 
dryneſs of the Harmattan. The covers of books, Mr. NORRIS 
informs me, even cloſely ſhut up in a trunk, and lying among 
his cloaths, were bent as if they had been expoſed to the. fire. 
Houſhold furniture is alſo much damaged: the pannels of doors 
and of wainſcot ſplit, and any veneered work flies to pieces. 
The joints of a well- laid floor of ſeaſoned wood open ſuffi- 
ciently to lay one's finger in them; but become as cloſe as be- 
fore on the ceafing of the Harmattan. The ſeams alſo in the 
ſides and decks of ſhips are much injured and become very 
leaky, though the planks are two or three inches in thickneſs. 
Iron-bound caſks require the: hoops to be frequently driven 
tighter; and a caſk of rum or brandy, with wooden hoops, 
can ſcarcely be preſerved; for, unleſs a perſon attends to keep 


it moiſtened, the hoops fly off. 
The parching effects of this wind are dh evident on * 


external parts of the body. The eyes, noſtrils, lips, and pa- 
late, are rendered dry and uneaſy, and drink is often required, 
not ſo much to quench thirſt, as to remove a painful aridity in 
the fauces. The lips and noſe become ſore, and even chapped ; 
and though the air be cool, yet there is a troubleſome ſenſation 
of prickling heat on the ſkin. If the Harmattan continues 
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four or bee days, the ſcarf ſkin peels off, firſt from the hands 
and face, and afterwards from tlie other parts of the body, if it 
Geenen a day or two longer. Mr. NonRIS obſerved, that 
| when ſweat was excited by exerciſe on thoſe parts which were 
covered by his cloaths from the weather, it was peculiarly 
acrid, and taſted, on applying his tongue to his arm, ſome- 
thing like ſpirit of hart's-horn diluted with water. 

As the ſtate of ſalt of tartar placed in the open air, and the 
quantity evaporated from a given ſurface of water, are obvious 
proofs of the comparative moiſture or dryneſs of the atmoſphere, 
I defired Mr. NORRIS to put the Harmattan to each of theſe 
teſts ; and particularly to moiſten ſalt of tartar ad deliguium, and 
expoſe it to the night air during the time that the Harmattan 
was blowing. 'The following is the account of the reſult of 
theſe experiments. Salt of tartar will not only remain dry 

during the night as well as in the day; but, when liquified fo as 
to run upon a tile, and expoſed to the Harmattan, becomes per- 
fealy dry in two or three hours; and, expoſed in like manner 
to the night air, will be dry before morning. 
With reſpect to evaporation Mr. NORRIS ſays, I fixed the 
tin veſſel, with which you favoured me, on a graſs plat 
behind my houſe, upon a ſtand four feet high, and expoſed 


by its ſituation moſt part of the day to the ſun, but ſhel- 
tered in ſome meaſure from the wind by the houſe.” 
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Day of |Evaporation} Thermometer | Rev on: nya ary +: Pg 
the [of one tenth} 6 I 6 - 3 
Month.ſof an inch. Morn. Noch. Even.“ 
1 wry 85 * 8 | Light breeze an« hazy. 
„ „Dito and fair weather. 
| —— == -| | Hazy with regular land and ſea 
| | 519 "6 | [ breezes. . 
1 Ditto. 
he 85 OY Ditto. 
i | Freſh breezes and fair, 
$03 ': : 4-96: 8055 ble | 1221 
Day. Night. 9 | n began to blow mode- 
AS 1 74 76 75 L rately, 
7; aght grOtt] | Sf in ſtill blowing, but 1 
hy! 23 14 75 77 76 py not — — 
of 2 I 74 76 76 | Harmattan almoſt over. 
| 
| 6 1 16 8 78 E over, ſea breeze as 
| | K Ss: I. uſual, hazy, _ 
Din. 76 3% 78 Light breeze and hazy. 
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«+ The thermometer hung in a large warehouſe near a win- 
% dow on which the ſun never eame at that ſeaſon of the year, 
« as it had a north aſpect, and where little reflected heat came, 
« a praſs plat being before it. When removed into the next 
room, which had three windows anda door opening into the 
parade, the thermometer uſually roſe 4* higher than it did in 
the warehouſe ; its general height in the room, from one to 
e three o'clock, was 845. 

e On the 14th of December, when there was no Harmattan, 
the thermometer at noon, on putting it into the evaporating 
e veſlel, roſe to 88? ; on taking it out, it ſunk to 799, whulft the 
* moiſture on its ſurface was evaporating ; but on. expoſing it 
« five minutes to the ſun it roſe to 102%. On the fifteenth of 
December the thermometer, expoſed to the wind in my 
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room window, but not to the ſun, ſtood at noon at 845; at 
* 88 in the evaporating veſſel; ſunk to 80 as the water eva- 
66 porated from its ſurface ; - roſe in the ſun in fix minutes to 
$6 104*; and, on putting it into the water-jar in my room, 
0 ſunk to 765.“ | 
It appears from the preceding experiments made by Mr. 
NORR1S, that, if the evaporation of the whole year be ſuppoſed 
to go on in the ſame proportion with what occurred during a 
ſhort and very moderate return of the Harmattan, the annual 
Harmattan evaporation would be 133 inches; and if the calcu- 
lation was made in proportion to the evaporation which occurs 
during a longer viſit from the Harmattan, and a more forcible 
breeze, the annual Harmattan evaporation would be much more 
confiderable. If the annual evaporation be in like manner calcu- 
lated, in proportion to the evaporation which took place ſubſe- 
quent to and preceding the Harmattan, the annual evaporation 
at Whydah on the Gold Coaſt would be 64 inches, and I have 
found the annual evaporation at Liverpool to be 36 inches *. 
Fheſe three therefore are in the following proportion; Har- 
mattan 133 inches, Whydah 64 inches, and Liverpool 36 
inches. | 
As the names of things are often derived from ſome remarka- 
ble property in the thing denoted, I deſired Mr. NORRIS to in- 
quire into the derivation of the word Harmattan. He found it 
to be a corruption of Aberramantab, the name of that ſeaſon 
in which this wind blows. Aherramantah is compounded of 
Aberramas, which in the Fantee language ſignifies to blow, 
and tab, tallow or greaſe, with which the natives rub their 
ſkins to prevent their growing dry and rough. 


* Philoſophical TranſaRions, vol. LXVII. p. 252. 
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The Harmattan ſeaſon is in the Dunco * Pep- 
eh, ſignifying a dry and rough ſkin. 
3- Salubrity forms a third ry of — Harmattan. 
Though this wind 1s ſo very prejudicial to vegetable life, and 
occaſions ſuch diſagreeable parching effects on the human ſpe- 
cies, yet it is highly conducive to health. Thoſe labouring 
under fluxes and intermitting fevers generally recover in an 
Harmattan. Thoſe weakened by fevers, and finking under 
evacuations for the cure of them, particularly bleeding, which 
is often injudiciouſly repeated, have their lives ſaved, and vigour 
reſtored, in ſpite of the doctor. It ſtops the progreſs of epide- 
ics : the ſmall-pox, remittent fevers, &c. not only difappear, 
but thoſe labouring under theſe diſeaſes when au Harmattan 
comes on, are almoſt certain of a ſpeedy recovery. Infection 
appears not then to be eafily communicated even by art. In the 
year 1770 there were on board the Unity, at Whydah, above 
300 ſlaves; the ſmall-pox broke out among them, and it was 
determined to inoculate; thoſe who were inoculated before the 
Harmattan came on got very well through the diſeaſe. About 
ſeventy were inoculated a day or two aſter the Harmattan ſet in; 
but not one of them had either fickneſs or eruption. It was 
imagined, that the infection was effectually diſperſed, and the 
ſhip clear of the diſorder; but in a very few weeks it began to 
appear among thoſe ſeventy. About fifty of them were inocu- 
lated the ſecond time; the others had the diſeaſe in the natural 
way: an Harmattan came on, and they all recovered, except 
one girl, who had an ugly ulcer on the inoculated part, and 
died ſome time afterwards of a locked jaw. The great ſalubrity, 
and the power of checking epidemics, are ſuch extraordinary 
properties of the Harmattan, that I deſired Mr. xoxRIS, on his 


next voyage to the Coaſt, to aſcertain theſe points by further 
| n 


$4 Dr. ponsox's Attount of tb Harmattan, 
inquiries. 1 have not much new,” ſays Mr. Non RIS, © on 
« theſe points, fave the general teſtimony of the natives in con- 
| -. * firmation of what I have already communicated'; and that I 
had been very ul myſelf for nine days with a remittent fever 
this voyage, of which I recovered immediately upon the Har- 
& mattan beginning to blow ; whether from the - medicines 
« which I had taken, or from the alteration i in the Nate of the 
40 atmoſphere, I pretend not to determine. I now learned, for 
« the firſt time, that the Harmattan is noted for cotitribitting 
i «much to the cure of ulcers,” as well as cutaneous eruptions.” 
N Mr. xox AIS is ſorry to be obliged to diſſent from ſo reſpectable 
1 an authority as that of Dr: LIx D, who ſpeaks of the Harmattan 
t as © fatal and malignant; that its noxious vapours are deſtruc- 
9 & tive to Blacks as well as Whites; and that the mortality 
1 &« which it occaſions is in proportion to the denfity and duration 
19 * of the fog.” The baneful effects here pointed out proceed 
1 from the periodical rains which fall in March, April, &c. and 
1 which are uſhered in by the Tornadoes, or ſtrong guſts of wind 
from the N. E. and E.N.E. accompanied with violent thunder 
"Rt and lightning, and very heavy ſhowers. The earth drenched 
0 by theſe ſhowers, and acted upon with an intenſe ſolar heat as 
14 ſoon as the ſtorm 1s over, ſends forth ſuch noiĩſome vapours as 
N | ſtrike the noſtrils with a moſt offenſive ſtench, and occaſion 
| 14 bilious vomitings, fluxes, and putrid fevers. Beſides theſe va- 
4 pours, which are annual, there appears to be a collection of 
19 ſtill more peſtiferous matter, confined for a longer time, and 
| iſſuing from the earth after an interval of five, fix, or ſeven 
14 years. The periods,“ ſays Mr. Non RnTIs, „which I remem- 
1 ber to have been thus marked, were in 1756, when Governor 
* MELVILL and moft of the gentlemen and ſoldiers at Cape 
14 « Coaſt, died; in 1763, 1769, and 1775. The mortality 
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« in ſome of theſe years, for they were not all equally fatal, 


«was ſo great that, as Dr. LIND ſays, the ling were ſcarce 
« ſufficient-to remove and bury the dead.” 


It is to be obſerved, that there may be inſtances in which the 
Harmattan comes loaded with the effluvia of a putrid marſh ; 
and if there are any ſuch ſituations, the nature of the wind 
may be ſo changed as to become even noxious. = 

Another inquiry which I deſired Mr. Norris to make re- 
ſpected the ſource of the Harmattan, and the nature of the ſoil 
over which it blows. It appears that, except a few rivers and 
ſome lakes, the country about and beyond Whydah is covered for 
four hundred miles back with verdure, open plains of graſs, 
clumps of trees, and ſome woods of no conſiderable extent. 
The ſurface is ſandy, and below that a rich reddiſh earth; it 
riſes with a gentle aſcent for one hundred and fifty miles from 
the ſea before there is the appearance of an hill, without 
affording a ſtone of the fize of a walnut. Beyond theſe hills 
there 1s no account of any great ranges of mountains. 

With reſpect to the origin of this wind, Mr. NoRRIS ſays, 
e the Harmattan, according to Dr. LIND, ariſes from the con- 
« flux of ſeveral rivers about Benin; but when I was on a 
« vifit to the King of Dahomey, one hundred and twenty 
miles North, or inland from the Fort at Whydah, I there 
felt the Harmattan blowing from the N. E. ſtronger than -I 
have at any other time, though Benin then bore from me 

6 G. E. 

On this head Mr. NORRIS makes the following conjecture: 
The interſection of three lines, viz: an eaſt line drawn from 
„Cape Verd, a north-eaſt one from the centre of the Gold 
„Coaſt, and a north line from Cape Lopez, would, I think, 
point out a probable ſource of this extraordinary wind.“ 


Three. 
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Three lines, drawn according to the direction of Mr. NonRIS, 
towards the points of the compaſs from which the Harmattan 
blows on Cape Verd, the Gold Coaſt, and Cape Lopez, con- 
verge I find to a part of Africa about the 1 5th degree of N. 
latitude, and the 25th degree of E. longitude, which I alſo 
find to be that part of Africa where, according to PTOLEMY, 
the mountains of Caphas are ſituated. From theſe mountains, 
according to the ſame authority, the river Daradus aroſe, ſup- 
poſed by ſome to be now the river Senegal. 

It may be conjectured, that the diſagreeable Levant wind of 
the Mediterrannean proceeds from the ſame part of the Conti- 
nent of Africa; for it prevails during the ſame ſeaſon of the 
year, and may derive its qualities from the ſurface over which 
it paſſes. - 

The laſt article of information with which I have been 
favoured by Mr. Norris, is an account of the manner in which 
the Fantee nation divide their year. 

Aherramantah, from the iſt of December to the middle of 
February, about 10 weeks. 

Quakorah, a wind up the coaſt, from 8. S. W. to S. S. E. from 
the middle of February to the firſt week in March, about 3 
weeks. 

Pempina, or Tornado ſeaſon, part of March, all April, and 
the greateſt part of May, about 12 weeks. 

Abrenama, or the old man's and woman's children, that is, 
"Ki the Pleiades, the rainy ſeaſon, the latter end of May, all June, 
117 and to about the 2oth of July, 8 weeks. 

14 Atukogan, or five ſtars, that is, Orion, high wind and 
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ſqually, the rains very heavy, to the middle of Auguſt, 3 
weeks. 


Worrobakorow, 
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Worrobakorou, or one ſtar, the ceaſing of the rains, about 


3 weeks. 
Mawurrah, the name of a certain ſtar; cloſe, foggy wea- 
ther and no breeze, the firſt three weeks in September. | 

Boutch, no land breeze in this ſeaſon, the wind blows freſh 
down the Coaſt, about fix weeks. . 

Autiophi, or the Croziers; Tornadoes and foutherly wind, 
with ſome rain, generally called the latter rains, about four 
weeks, to the beginning of December, when the Aherraman- 
tah ſeaſon ** commences. 
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V. Efoy un d gem Method of appiying the Screw. By Mr. 
Wilham Hunter, Surgeon; communicated d by ; * Ge- 
neral Melville, 1. R. * 2. W 
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HAVE ſome time ago been led to think, FOE tha 1 
which of all the mechanical powers is the moſt commonly 
employed in performing motions which require great accuracy, 
might be applied in a manner which would better anſwer many 
intentions than that commonly uſed. The plan is ſomewhat 
ſimilar to Nox rus's diviſion of the circle ; but before I explain 
myſelf farther it may he proper to lay down a few general 
rules on which we may. found a compariſon. 

The perfection of any machine conſiſts in accompliſhing the 
end propoſed in a manner the moſt effectual, the moſt expedi- 
tious, and the leaſt cumberſome poſſible. In order to attain 
this end the following things are required. 

1. That the ſtrength of the ſeveral parts of the engine be ſo 
adjuſted to the force they are intended to exert, as that they 
ſhall not break under the weight they ought to counteract, nor 
yet encumber the motion by a greater quantity of matter than 
is neceſſary to give them a proper degree of ſtrength. 

2. That the increaſe of power, by means of the machine, 
be ſo regulated, that while the force we can exert is thereby 
rendered adequate to the effect, it may not be retarded in pro- 
curing it more than is abſolutely neceflary. 


3. That 


| bat 
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3. That the — be as ſimple as is — with other 
conditions. 1 

4. That it be as portable and as little debe þ in the ap- 
plication as poſſible. 

5. That the contrivance be ſuch that the moving power 
may be applied in fuch a way as to act to the greateſt 
advantage ; and that the motion ultimately produced may have 
that direction and velocity which is moſt adapted to the execu- 
tion of the deſign propoſed by the whole. | 

6. Of two machines, equal in other reſpects, that deſerves 
the preference in which the friction leaſt diminiſhes the effect 
propoſed by the whole. 

It will eaſily appear, that ſome of theſe conditions. if car- 
ried to an extreme, will be inconſiſtent with ſome of the others. 
Here the proper medium conſiſts in adapting them to each other 
in ſuch a manner, as that the reſult of the advantages of both 
may be the greateſt, and that of the defects the leaſt, that is 
poſſible. 

The following method of applying the ſcrew, I think, may 
in certain caſes be attended with ſome of theſe advantages to a 
greater degree than by thoſe commonly practiſed. 

Let AB (fig. 1.) be a plate of metal in which the ſcrew 
cD plays, having a number of threads in an inch equal to 4. 
Within the ſerew cp there is a female ſcrew, by which is re- 
ceived the ſmaller ſcrew DE of a+ 1 threads in an inch. This 
ſcrew is retained from moving round along with the ſcrew cp 
by means of the apparatus at AFGB. 

Now, if the handle cx be turned à times round the ſcrew, 
cD will advance upwards an inch, and if we ſuppoſe the ſcrew 
DE to move round along with cp, the point E will alſo advance 
an inch. If we now turn the ſcrew DE a times backwards, the 
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point = will move downwards 2 of an inch, and the reſult 
of both motions will be to lift the point E upward (1 — — -=) 


2 + aa - 4 . . . 
_=_ of an inch. But if, while the ſcrew cp is turned à times 
round, DE be kept from moving, the effect will be the ſame as 


if it had moved a times round with cp and been à times turned 


1 


— of an inch. At one turn 


back, that is, it will advance —— 


therefore of the handle CKL it will move upwards ( 7 X - =) 


of an inch. If then we ſuppoſe the handle cxL to be 


* +a 

b inches long, the power gained by the machine will be as 
a* +a x 6,2832 b to unity. 
Io illuſtrate this by a particular example, let the ſcrew cp 
have 10 threads in an inch, and DE 11 : then, while the handle 
CKL is turned 10 times round, the point p will riſe one inch 
above its former ſituation. But at 10 turns it can only paſs over 
ro threads of the ſcrew Dx, and conſequently it will advance 
upon that ſcrew *2ths of an inch. The point E therefore muſt 
riſe Arth of an inch, that the point D may have room to riſe a 
complete inch above its former place : therefore, at one turn of 
the handle, the point E will rife eth of an inch; and if the 
handle be ſuppoſed half a foot long, the power, to produce an 
equilibrium, muſt be to the weight as 1 to 110 * 6,2832 x 6= 
4146,912, which is the very number expreſſed by the general 
theorem, viz. 4 +a x 6,2832 6, calling a= 10 and b=6. 

Now let us compare, according to the rules before laid down, 
this method of uſing the ſcrew with the common one. And, 
firſt, in order to have the ſame power by means of the common 
{crew that 1s exerted by this machine, it muſt have a number of 


threads 
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threads in an inch equal to a + a, which would render it too 
weak to reſiſt any conſiderable violence. For example, if vc 


have five threads in an inch, and DE fix, and if the handle cxL 
is a foot in length, the power gained by the engine will be 


nearly as (a +a x 6b=) 2160 to 1 ; whereas, to have the ſame 
force by means of the common ſcrew, it muſt have 30 threads 
in an inch, and ſo muſt yield under a reſiſtance which the 
other ſcrew would overcome without any difficulty. Upon this 
principle, the ſcrew may be applied with advantage in prefles of 
different kinds, by fixing one of the plates of the preſs to the 
end of the ſcrew at E. 

As to the ſecond requiſite, both methods may be equally 
adapted to it; yet other circumſtances will determine us to apply 
the common ſcrew where a ſmall increaſe of power is neceſſary, 
and the preſent contrivance, when we ſtand in need of a greater. 

This will follow from the third rule, as in the method now 
propoſed a double number of ſcrews is required, which makes 
the ſtructure more complicated, occaſions more expence, and 
requires a greater accuracy of conſtruction, fince, unleſs this is 
attended to, the machine will not move. 

However, the machine may, in ſome caſes, anſwer the 
fourth intention better than the common one, as the power 
gained by the additional ſcrew enables us to ſhorten the handle 
which will tend to make the whole more portable. 

The power is here applied in the ſame direction as in the 
common fcrew, ſo that both equally anſwer the firſt part of the 
fifth rule; but as to the laſt, the motion w7mately produced, it 
will depend on particular circumſtances which of them is moſt 
fit for uſe in any caſe. Thus, if the ſcrew DE be intended to 
carry an index which muſt turn round at the ſame time that it 


riſes upwards, the common ſcrew is preferable ; for although I 
can 
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can ſee a method by which the machine before deſcribed may 
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be made to anſwer this purpoſe, I am almoſt afraid to propoſe 


it. I mean, that within the ſcrew DE another ſtill ſmaller 
ſhould be made to play, and be connected with the ſcrew op, fo 
as to move round along with it. It muſt have a + a+ 1 threads 


in an inch, and they muſt be in the contrary direction to thoſe 
of cp, ſo that when they are both turned together, and cp 


moves upwards, this other one may move downwards. At one 


I I 


turn of the handle this will move upwards E 


1 
= F277 24 ＋2 
round in a circular direction. For example, let cp have 5 
threads ( a) in an inch, DE 6 (g 4), and a third ſcrew within 
DE, but connected with cp ſo as to partake of its motion, 31 
(=4+a+1). At one turn of the handle, this ſcrew will riſe 


upwards * *. = i. of an inch; but this appears too 


of an inch, and at the ſame time will move 


complicated for uſe, and the leaſt inaccuracy in the conſtruc- 


tion would hinder it from moving. 

But, on the other hand, if while the point E riſes it is of 
conſequence that it be kept from going round, the machine 
under conſideration will beſt anſwer this purpoſe. On this 
principle it may be uſeful in ſeveral reſpects: fot inſtance, let 
A (fig. 2.) repreſent a magnifying lens, and let it be moveable 
upon the ſcrew BC of 16 threads in an inch, which turns within 
the larger ſcrew cp of 15 threads in an inch, and that again 
moves within the plate Er in the end of the cylinder Gy *. 
To ule the inſtrument, fix the object to be magnified upon the 
pin GL, and then turn the lens A upon the ſcrew Bc, till it be 


*The ſcrew Bc is reſtrained from moving along with cp by the ſmall pillar ax, 
which ſlides backwards and forwards in a groove in the cylinder or. 


nearly 
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nearly at the proper diſtance from the pin, and oppoſite to it. 
Vou may then adjuſt the diſtance more accurately by turning 
the ſcrew Dc, at each turn of which the lens will recede from, 
or approach to, the pin th of an inch. This it will do 
and not turn afide, but ſtill remain oppoſite to the pin 
LG. A double microſcope might be fitted on in the place of the 
lens A. The whole inſtrument may be furniſhed with a handle, 
as at M; or, if larger, it may have three feet to ſtand on a 
table. 

On the laſt principle it muſt be owned, the common 
ſcrew has the advantage, as two ſcrews will produce 
more friction than one; and, befides, in the compound engine 
there is a additional friction from the piece ro (fig. 1.) upon 
the pillars between which it moves. 

Another caſe in which this machine may be employed is in 
the micrometer. Thus, let the ſcrew AB (fig. 3) of 50 threads 
in an inch be turned round by the index c, which moves upon 
the graduated circle ECD in the direction oo). Within the ſcrew 
AB is the ſmaller one Ar of 51 threads in an inch, retained from 
moving round by the bar H. The piece AF is continued to k, 
where it forms a fine point. To uſe the inſtrument, let it be 
acquſted to the telefeope or microſcope by which you are to view: 
a ſtar, or ſome ſmall object, and let the point K appear juſt to 
touch one edge of the object. Then turn the index c, and the 
point k will advance upwards till it appears to cover the other 
edge of the object, and thus you can determine its ſize. The 
point k will advance at each complete turn of the index .*... 
of an inch; and if the circle be divided into 8 o equal parts, one 
of which, if it is an inch in diameter, will be very obſervable, 
while the index moves over one of theſe, the point x will advance 
xa Of an mich. 


I Thus, 


a nervous fibre im the medullary ſubſtance of the brain, I make 


EW 


＋ x 
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„Thus, for example, ſuppoſe I am to meaſure the diameter of 


the point x appear cloſe to one edge, and turn the index till the 
ſame point paſs over the fibre, and appear to touch the other 
edge: I then look on the graduated circle Eco, and perceive 
that the index c has paſted over, ſuppoſe, 23,2 diviſions. Hence 
I conclude the diameter of the fibre to be 23,2 » p44 = aw 
of an inch, which 1s nearly the fize as found by the accurate 
obſervations of Dr. MoN RO. There ſhould be a nontivs's ſcale 
on the index which will meaſure to one tenth of a diviſion. 

As the index c muſt continue cloſe to the plate Eco, while at 
the ſame time it turns round the ſcrew AB, which is continually 
riſing, it muſt be made as in fig. 4. where a, 5, are two ſmall 
pieces which play in a groove in the ſcrew AB (fig. 3.) while the 
groove CD (fig. 4.) in the index is filled up by a protuberance of 
the plate xc (fig. 3); the piece below the groove cd (fig. 4.) 
being funk into that plate. The whole machinery may be in- 
cloſed in a cylinder of braſs reaching from B to L. (fig. 3.), ſo 
that the point of the ſcrew KL may be without it, and the ſides 
of the cylinder may be open at Ecp. 

It is farther to be obſerved,that what has been ſaid goes on the 
ſuppoſition that the point x, in the micrometer, 1s equally mag- 
nified with the object we are to meaſure. But, if this point be 
placed in the focus of the eye-glaſs of a double microſcope; 
when it moves it will paſs over, not the object itſelf, but its 
image, magnified by the object-glaſs. In this caſe, if the object- 
glaſs magnify the diameter 10 times, while the index paſſes 
over one diviſion, the point k will paſs over the image of an 
object, the diameter of which is = of an inch. As in 


this mode of application the nt K muſt fall between the 
object 
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object 45 . the ſcrews may be bi within the 
fulcrum by which the microſcope is ſupported. =o 
The machine (fig. 1.) may be applied as a jack to raiſe great 
weights a little way from the ground, by ſubſtituting two croſs 
hand-ſpikes for the handle KL; or a vertical handle may be 
employed in the following manner. Let A (fig. 5.) be a pinion 
turned by the handle AB, which we ſuppoſe a foot in length. 
Let the pinion A have 4 teeth, and move the wheel cp of 16 
teeth. The ſcrew Er of 4 threads in an inch is fixed in this 
wheel, and turns round along with it. Within it plays the 
ſcrew FG of 5 threads in an inch, and which we ſuppoſe pre- 
vented from following the motion of E: it terminates in ſuch 
a ſhoulder as that repreſented at 6, and being continued to x 
ends 1n a foot as in the figure. The whole is incloſed in a ſtrong 
frame. The pinion A muſt be connected in ſuch a manner with 
the wheel cp as to riſe within the frame along with it, which 
may eaſily be done by making its axis play in a piece of wood or 
metal, which is connected by the end to the ſcrew ET. Or, if 
this ſhould be deemed inconvenient, as the rifing of the pinion 
muſt raiſe the handle as, the wheel cp may be hindered from 
rifing, and at the ſame time turn the ſcrew Er, by a contrivance 
ſimilar to that uſed with the index c (fig. 3.) in the micrometer. 
In either caſe, the axis of the pinion ſhould be continued through 
the oppoſite fide of the frame, and armed with a heavy fly to 
regulate the motion. When the machine is to be applied to 
uſe, the bottom of the frame reſting on the ground, if the body 
to be lifted is already as high as the top 6G, that top is applied 
below it ; but if it is cloſe to the ground, we put below it the 
foot H; then, if the handle as be turned once round, the 
wheel cp and ſcrew Er will turn 4 part round, and the point F 
will riſe (I* 1) -;th of an inch. The point d or H will 
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therefore be lifted: upwards (r G Ert of an ie But 
the end B of the handle AB has deſcribed. above fix feet; there 


fore the velocity of the point o is to that of the point B as one 


to (72 x 80 =) 5760. Therefore, if we ſuppoſe a man to act at 
the handle with a force equal to 30 Ibs. he may keepin equilibrio 
a weight of 172800 lbs. But a ſubduction of perhaps more 
than one half of this muſt. be made, that he may raiſe the 
weight, as the friction of the engine will be conſiderable. Sup- 
poſe it to be two-thirds, the effect ſtill remains equal to 57600 
Ibs. or 25 tons 14 cwts. and 32 Ibs. | 

It will eaſily appear, that this method of applying the ſerew 
may have a place in many other engines, particularly where 
great accuracy is required; or we want a motion to be performed 
with great power, while at the ſame time it need not have any 
large commpaſs. The few examples given above may ſerve as a 
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VI. A. Heeoils of he Tals. By Thomas Pennant, E . 
. . ; Communicated 9 Joſeph Banks, Ep. 3 


Read December 21, 1781. 
TURKEY. BILL convex, ſhort and ſtrong. . 

Hab and neck covered with a naked tuberoſe 
fleſh, with a long fleſhy appendage hanging from 
the baſe of the upper mandible. 

Ox the breaſt a Jong tuft of coarſe black 
hairs. - 
Wild Turkey. jos$ELYN's Voy. 99. Rarities 8. cLavToN's 
Virgin: Phil. Tranſ. abridged, III. 590. Law- 
sox, 149. | CATESBY Topp. XLIV. | 
Le coq d'Inde, BELON 168. -7 
Gallo-payo, GESNER, Av. 487. 1 Kron. 56. 
Gallo- pavo, ALDROV. Av. 11. 18. 
 Gallo-pavo, the Turkey, A. 3. Gallo-pavo 
ſylveſtris Novæ Angliz, a New 6 wild 
Turkey, AIT Synopſis Avium 5. T | 
Meleagris Gallo-pavo. M. capite caruncula 
frontali i maris ee barbato, LIN. 
Syſt. 268. , 
Le Dindon de BUFFON „ Mi. BRISSON, I. 158. 


tab. xvi. Pl. Enl. 97. 
K 2 Deſcription. 
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Tail. 


White 
variety. 
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Mr. PENNANT'S Account 


T. with the characters deſcribed in the definition 

of the genus. The plumage, dark gloſſed with 
variable copper colour, and green. Coverts 
of the wings and the quill feathers barred with 
black and, white.. Tail conſi ſts of two- orders. 
The upper or ſhorter very elegant, the ground 
colour a bright bay ; the muddle feather marked 
with numerous bars of ſhining black and green. 
The greateſt part of the exterior feathers of the 
ſame ground with the others marked with three 
broad bands of mallard green, placed remote from 


each other. The two next are coloured like thoſe 


of the middle; but the end is plain and croffed 
with a ſingle bar, like the exterior. . 

The longer or lower order are of a ruſty 
white colour, mottled with black; and croſſed 


with numerous narrow-waved lines of the ſame 


colour, and near the end with 2 broad band. 


Wild Turkies preſerve a ſameneſs of colouring ; 
the tame, as uſual with domeſtic animals, vary. 
It is needleſs to point out the differences in ſo well 
| known a bird: the black approaches neareſt to the- 
original ftock. This variety I have ſeen nearly in 
a ſtate of nature in Richmond and other parks. 
A moft beautiful kind has of late been introduced 
into England of a ſnowy whiteneſs, finely con- 
traſting with its red head; Theſe, I think, came 
out of Holland, probably bred from an accidental 
white pair; and from them preſerved pure from 


any dark or variegated birds. 


Size. 


5 1 the Turkey. AY by 
The ſizes of the wild Turkies have been dif- 
e repreſented. Some writers aſſert, that 
there have been inſtances of their weighing ſixty 
pounds; but I find none who, ſpeaking from 
their own knowlege, can prove their weight to 
be above forty. Jos$SELYN ſays, that he has 
eaten part of a cock, which after it was plucked, 
and the entrails taken out, weighed thirty * 
LAWSON, whoſe authority is unqueſtionable, ſaw 
half a Turkey ſerve eight hungry men for two 
meals ; and fays, that he had ſeen others which 
he believed weighed. forty pounds. CATESBY tells 
us, that out of the many hundreds which he had 
handled 8, very few exceeded thirty pounds; 
each. of theſe ſpeak of their being double that fize 
maaerely from the reports of others. 
Manners. The manners of theſe birds are as ſingular as 
their figure. Their attitudes in the ſeaſon of court- 
ſhip are very ſtriking. The males fling their heads 
and neck backwards, briſtle up their feathers, drop 
their wings to the ground, ſtrut and pace moſt ridi- 
culouſly; wheel round the females with their 
wings ruſtling along the earth, at; the fame time 
| emitting a ſtrange ſound. through their noſtrils. 
Notes. not unlike the Grurr of a great ſpinning wheel. 
On being interrupted they fly into great rages, and 
change their notes into a loud and guttural gobble, 


* New England Rarities, p. 8. 

Tt Hiſtory of Carolina, p. 149. and 27. 

$. App. XLIV. The greateſt certain weight is given by Mr, cLAYToON, whe 
faw one that reached 38 lbs, Phil, Tranſ. 
and 
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and then return to dalliance. The found of the 

| i ee female is plaintive and melancholy. | 
| Traſcible. © The paſſions of the males are very ſtrongly ex- 
Pl preſſed by the change of colours in the fleſhy ſub- 
ſtance of tlie head and neck, which alters to red, 
2£1t -1 white, blue, 'and yellowiſh, as they happen to be 
| —— -.  affefted. The ſighit of wy n red excites their 

choler greatly. _ 
| vag mon- They are polygamous, one cock ſerving many 
| hens. They lay in the ſpring, and produce a 
iel great number of eggs. They will perſiſt in lay- 
| S157 * ing for a great while. They retire to ſome 
| butt - obſcure plate to fit, the cock through rage at the 
OO 244 |  » oſs of its mate being very apt to break the eggs. 
The females are very affectionate to their young, 
and make great moan on the loſs of them. They 
fit on their eggs with fuch perſeverance, that if 
© 116] they are not taken away when addle, the hens 
Wo.ill almoſt Ro with "Wenger before they will 
ö quit the neſt: - 
$9197 2224) Turkies gtestly delt Ti the ſeeds of nettles ; 
ane bet thoſe of the en glove prove fatal to 
1147 "them “. = 4 35 ge 
Eli fig Turkies are very Qupid birds, quarrelſome, and 
ceowardly. It is diverting to ſee a whole flock 
attack the common cock, who will, for a long 
time, keep a great number at bay. 


Swift. They are very ſwift runners in the tame as well 
Perch ' as the wild ſtate: they are but indifferent flyers. 
. high. They love to perch on trees, and gain the height 


* DE BU FON. 


6 they 


f the Turkey. 7¹ 
they wiſh by riſing from bough to bough. In a 
wild ſtate they get to the very ſammit- of the 
loftieſt trees, even ſo high as to be beyond the reach 
of the muſquet *. 

Gregarious. In the ſtate of nature they go in flocks even of 
five hundred +, feed much on the ſmall red acorns, 
and grow ſo fat in March that they cannot fly 
more than three or four hundred yards, and are 
ſoon ran down by a horſeman. In the unfre- 
quented parts bordering on the Myſtfpi, they are 
ſo tame as to be ſhot with even a piſtol I. 

Haunts, They frequent the great ſwamps § of their 
native country, and leave them at ſun-riſing to 
repair to the dry woods in ſearch of acorns and 

berries; and before ſun- ſet retire to the ſwamps 

to rooſt. 

The fleſh of the wild Turkey is ſaid to be ſu- 

perior in goodneſs to the tame, but redder. Eggs. 

of the former have been taken from the neſt, and 

hatched under tame Turkies. The young will 
ſtill prove wild, perch ſeparate, yet mix and breed 
together in the ſeaſon. The Indians ſometimes 

uſe the breed produced from the wild as decoy 

birds to ſeduee thoſe in a ſtate of nature within 


their reach ||. 


® LAWSON, 45. 

+ ADalR's Amer. 360, 

1 LAWSON, 149. 

$ It is in the ſwamps that the loftieſt and moſt bulky trees are. The wet with 
which they are environed makes them a ſecure retreat, 
| LAWSON, 149. 


Wild 


. 


Mr. RN ANr's. Account 


Wild Turkies are now grown moſt exceſſively 
rare in the inhabited parts of America, and are 
only found in numbers in the diſtant and moſt 
uu frequented ſpots. 
The Indians make a moſt elegant cloathing of 
| | the feathers. They twiſt the inner webs into a 
| | ſtrong double thread of hemp, or inner bark of 
the mulberry tree, and work it like matting ; it 


| appears very rich and gloſſy, and as fine as a filk 
| | ſhag *. They alſo make fans of the tail; and 
I the French of Louifiana were wont to make um- 
brellas by the junction of four of the tails +. 
When diſturbed, they do not take wing, but 
run out of ſight. It 1s uſual to chaſe them with 
dogs, when they will fly and perch on the next tree. 

| ry They are fo ſtupid or ſo inſenſible of danger, as not 
to fly on being ſhot at; but the ſurvivors remain 
unmoved at the death of their companions 7. 
Place. Turkies are natives only of America, or the 
| New World, and of courſe unknown to the 
Xp ancients. Since both theſe poſitions have been 
denied by fome of the moſt eminent naturaliſts 
of the ſixteenth century, 1 beg leave to lay open, 
in as few words as poflible, the cauſe of their 
| Error. 

Miſtaken BELON &, the earlieſt of thoſe writers who are 
by BELON, of opinion that theſe birds were natives of the 


» 
— wu 


* LAWSON, 18. ADAIR, 423. 
| + DU PRATZ, II. 85. 
| } DU PRATZ, 224. 


$ Hiſt. des Oys. 248. | *. 


ALDRO- 


VANDUS; 


and 
GESNER. 


be - 


= of the Turkeys 73 
old world, founds his notion on the deſcription of 
the Guinea fowl, the Meleagrides of sTRABO, 


ATHEN vs, pLIN V, and others of the ancients. 


I reſt-the refutation on the excellent account given 
by aTHENZ=vs, taken from CLYTUsS MILESIUS, 


a diſciple of Ax Is TOT ER, which can ſuit no other 


than that fowl. * They want,“ ſays he, na- 


« tural affection towards their young; their head 


eis naked, and on the top is a hard round body 
„e like a peg or nail: from theif cheeks hangs 
< a red piece of fleſh like a beard. It has no 


„ wattles like the common poultry. The fea- 
s thersareblack, { potted with white. They have 


no ſpurs; and both ſexes are ſo like as not to be 
< diſtinguiſhed by the fight.” - - 'Varro * and 


PLINY þ take notice of the ſpotted plumage and 
the gibbous ſubſtance on the head. ArHEN us 
is more minute, and contradiẽts every character 
of the Turkey, whoſe females are remarkable 
for their natural affection, and differ materially 
in form from the males, whoſe heads are deſtitute 
of the callous ſubſtance and whoſe heels (in the 
males) are armed with ſpurs: 


ALDROVANDUS, who died in 1605, draws his 


arguments from the ſame ſource as BELON; I 
therefore paſs him by, and take notice of the 


greateſt of our naturaliſts GESNER T, who falls 


into a miſtake of anotker kind, 'and wiſhes the 


* 
#S i & 4 


* Lib, III. c. q. 
+ Lib. X. c. 26. 
t Av. 481. 


Vox. LXXI. L W255 
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Je le eb Fuer e be! thought a naten of India. He 
OUA 1 212 30 - quotes. IAN fos that, purpolie, who tells us, 
218 8 ng og That ia India Are ven large poultry not with 
(09749 (10936 : $5, combs, but with various coloured creſts inter- 
eutea IM 20 -v woven like flowers, - with broad tails neither 
3 * bending nor diſplayed in a circular form, which 
00.9 of 1: © they; draw along the graund as . peacocks do 
Den indy 2 2 en they do not etect them; and that the 
e feathers are partly gf à geld colour, partly 

ee and of an emerald. colypr” *. 7 


ah a 7 1 11. This-in/alh probability was: the ſame bird with 


er eaceck Pheafant of Mr. W]ʃ z RDs, Le Paon 
de Tilat of M. AnISsON, and the Pavo bicalcara- 
aa of: us. I bag een this bird living. 
I has e creſt, but fa: eunſpieuous as that 
ban ae ate deſeribed b AAN s. but tt has thofe ſtriking 
doors in; form affiayes, meither does it erect 
its tail like the Peacdek b, but trails it like 
the Pheaſant. -' The, Gatrans of rA ABO | ſeems 
0 be the ſame; bird: He deſeribes it as un- 
dommoaly beautiful and ſpatted, and very like 
2 Pescech. Fb formet author 5 gives a more 
minute aecount;;of-this: ſpecias, and under the 
11 2 name namie. He borrows it from CLIT ARCHUSS an 
Attendant ef AUBXANDER: the Great in all- his 
5 cenqueſts. | It] 1 evident from: his deſcription, 
that it was of this kind; and it 15 likewiſe Pro- 
 bable, that it Was the fame; with his largę Indian 
* De Anim. lib. XVI, c. 2, 
+ Edw. II. 67. 
1 Lib. XV. p. 1046 1 
$ De Anim. lib. XVII. e 23. — 


poultry 


ſa Thirty, * 
— before elted. He ed; it alſo for its 
fine note ; but allewance muſt he made for the 
credulity of #itan; The Ca#3us, or Peacock 
Pheaſant, is a native of Tibet, aud in all proba- 
bility of the north of India, where cLIr ARchus 
might have obſerved it; for the march of aLzx- 
 ANDER was through that part which borders on 
Tibet, and is now known W ad name of CY -ob 
or hve rivers. 
Not natives I ſhall now collect Foy: authors the 3 
of Europe; pow of the world where Turkies are unknown 
in the ſtate of nature. Europe has no ſhare in 
the queſtion ; it being generally agreed that they 
are exotic in reſpect to that continent. 

Neither are they found in any part of Aſia 
Minor, or the Aſiatic Turky, notwithſtanding 
ignorance of their true origin firſt cauſed them to 
be named from that empire. About Aleppo, 
capital of Syria, they are only met with, do- 
meſticated like other poultry *. In Armenia they 
are unknown, - as well as in Perſia ; having been 
brought from Venice by ſome Armenian mer- 
chants into that empire , where they are ſtill ſo 
ſcarce as to be preſerved among other rare fowl in 

the royal menagery 1. | 
DU HALDE acquaints us, that they are not natives 
of China ; but were introduced there from other 


nor of 


* RUSSEL, 63. . 
+ TAVERNIER, 146, x: 
$ BELL's Travels, I. 128, 


L 3 


1 


Countries. He errs fr om miſinformation in ſaying 
that they are common in India. 
* 1 will not quote GEMELLI CARER1, to prove that 
they are not found in the Philippine Iſlands, be- 
cauſe that gentleman with his pen travelled 
round the world in his eaſy chair, during a very 
long indiſpoſition and confinement * in his native 
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country. 
But DAMPIER bears wind that none are found 


nnn Mindanao f. 
nor Africa; 
birds to exiſt in that vaſt continent, except under 
the care of mankind. Very few are found in 
Guinea, except in the hands of the Europeans, 
the negroes declining to breed any on account of 
the great heats 8. 


The hot climate of Africa barely ſuffers theſe 


PROSPER, ALPINUS ſatisfies us, 


they are not found either in Nubia or in Egypt. 


He deſcribes the Meleagrides of the ancients, and 
only proves that the Guinea hens were brought 


out of Nubia, and ſold at a great price at Cairo || ; 


_ but is totally ſilent about the Turkey of the 


hens have long been imported into Britain. They 


moderns. 


Let me in this place obſerve, chat che Guinea 


were cultivated in our farm-yards; for I diſcover 
in 1277, in the Grainge of Clifton, in the 


* Sir JAMES PORTER's Obſ. Turkey, I. . 321. 
} BARBOT in CHURCHILL's Coll. V. 29. 
5 BOSMAN, 229. 


1 Hitt, Nat. gypti. I. 201, 
| KS 


— 
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pariſh of Ambroſden in Buckinghamſhire, amon g 
other articles, ſix Mutilones and fix Africane 
 femine &, *, for this fowl was familiarly known by 
the names of Afra Avis and Gallina Africana 
and Numida. It was introduced into Italy from 
Africa, and from Rome into our country. They 
were neglected here by reaſon of their tenderneſs 
and difficulty of rearing. We do not find them 
in the bills of fare of our ancient feaſts + ; nei- 
ther do we find the Turkey: which laſt argu- 
ment amounts to almoſt a certainty, that ſuch a a 
hardy and princely bird had not found its way to 
us. The other likewiſe was then known by its 
claſſical name; for that judicious writer Doctor 
Alus deſcribes, in the beginning of the reign of 
ELIZABETH, the Guinea fowl, for the benefit of 
his friend GESNER, under the name of Meleagris, 
beſtowed on it by ARISTOTLE T. 
Having denied, on the very beſt authorities, 
that the Turkey ever exiſted as a native of the old 
world, I muſt now bring my proofs of its being 
only a native of the new, and of the period in 
which it firſt made its appearance in Europe. 
but of The firſt preciſe deſcription of theſe birds is 
America, given by ovieDo, who in 1525 drew up a ſum- 
mmamary of his greater work, the Hiſtory of the 


* KENNET'S Parochial Antiq. 287. 
+ Neither in that of GEORGE NEvVIL nor among the delicacies mentioned + 


in the Northumberland houſheld book begun in the W of the reign of | 


HENRY VIII. 
} caix Opuſc, 13. Hiſt, An. lib. VI, c. 2. 


| Indies, 
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wmuces, for the uſe of Nis monarch chARL Ss v. 
This learned man had viſited the Welt Indies and 
its iflands in perſon, and'payed particular regard 
do the natural hiſtory. It appears from him, that 
' the Turkey was in his days an inhabitant of 
the greater iſlands, and of the main-land. He 
ſpeaks of them as Peacocks; for being a new 
bird to him, he adopts that name from the re- 
ſemblance he thought they bore to the former. 
But,“ fays he, the neck is bare of feathers, 
«© but covered with a ſkin which they change 
i after their phantaſie into diverſe colours. They 
< have * a horn as it were on their front, and 
s haires on the breaſt +.” He deſcribes other 
birds which he alſo calls Peacocks: They are of 
the gallinaceous genus, and known by the name 
of Curaſſao birds, the male or which is black; 

the female ferruginous. | 
The next who ſpeaks of . as natives of 
the main-land of the warmer parts of America, 
is FRANCISCO PERNANDE?, ſent there by vHILIr 
11. to whom he was phyſician, This naturaliſt 
obſerved them in Mexico. We find by him, 
that the Indian name of the male was Huexolotl, 
of the female Cihuatotolin. He gives them the 
title of Gallus Indicus and Gallo Pavo. The 
Indians, as well as Spaniards, domeſticated theſe 
uſeful birds. He ſpeaks of the fize by compariſon, 
ſaying, that the wild were twice the magnitude of 


* In the Spaniſh Pecon corto,. 


+ In-ruxcnas, III. 99. | | 
b | ths 


nes [4 15 Turkey. 1 SS 7 N 
the tame; and that they were ſhot with arrows 
err guns. I cannot learn the time when FER 
NANDEZ wrote. It muſt be between the years 
1555 and 1598, the period of vniLIr's reign. 
reo DE CHESA mentions Turkies on the Iſth- 
mus of Darien F. LER x, a Portugueſe author, aſſerts, 
that they are found in Brazil, and gives them an 
Indian name ; but ſince can difcover no traces 
of them in that diligent and excellent naturaliſt 
MARC BAH, who refided long in that country, 
N muſt deny my aſſent. But the former is con- 
firmed: by tliat able and honeſt navigator pAux- 
FiES, Who faw them: frequently; as well wild 
as tame, in the; pwovinee of Vucatan $, now 
| reckoned part of the kingdom df Mexico. 
in North America they were obſerved by the 
1 firſt diſeoverers When RENE DE LAUDON= 
NIERE; Patronized by Admiral COLIGNT, attempted 
to form a ſettlement near the place where 
- "Charleſtown now ſtands, he met with them on 
| Dis firſt landing in 1 564, and by his hiſtorian has 
teepreſented them with great fidelity in the fifth 
Plate of the recital of his voyage: from his time 
the witneſſes to their being natives of the conti- 
nent are innummetable. They have been ſeen in 
flocks of hundreds in all — from Louiſiana 


* Hitt. N. Nove Hiſp. 27. 

+ Seventeen Years Travels, 20. 
1 In DE L's Defer. des Indes, 497+ 

5, Voyages, vol. II. part II. p. 65, 85, 174. 
. DE BY. 


- When firſt 


introduced 


into Europe. 


commends a Lady nALEs of Kent, for her excellent management of theſe fowl, p. 166. 
+ Five Hundred Points of good Huſbandrie, p. 57. OE 2 
4 anDERSON's Dict. Comm, I. 410. 
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even to Canada; but at this time are extremely 
rare in a wild ſtate, except in the more diſtant 
parts, where they are ſtill found in vaſt abun- 


It was from Mexico ot Yucatan that they were 


firſt introduced into Europe; for it is certain, that 


they were imported i into England as early as the 


year 1524, the 15th of MENRY VIII ®, 


We probably received. hem from 8 * „with 
tercourſe till about that 
ſucceſsfully cultivated in 


time. They wels 


our kingdom from that period; inſomuch, that 


they grew common in every farm- yard, and be- 


came even ah in our rural feaſts by the year 
1585; for we may certainly depend on the word 
of old russ. 


in his 28 of the Chriſtmas 
Huſbandlic FA re .. id mn y 8 


Beefe, Mutton, andY 2 * ſhred. og of the beſt, 
Pig, Veale, Gooſe, 
' Cheeſe, Apples, and N 
As then i in the countzi e, * 


apon, and Turkie well dreſt, 
ts, jolie carols ho heare, 


counted good cheare. 


But at chis iſ Wie they were ſo rare in 
F rance, that ware told, that the very firſt which 
was eaten in that Kitigdom . at the nuptial 


feaſt of on. in 1570 . 


* parer's Chr. AnDERSON's Dict. Com. I. 354. Hackruvr, II. 165. 
makes their introduction about the year 1532. BARNABY - GOOGE, one of our 


{5T. Xx early writers on Huſbandry, ſays, they were not ſeen here before 1530. He highly 
f 161#: 
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To this account I Ibeg m to by before you the very extra- 
ordinary appearance on the thigh of a Turkey, bred in my 
poultry yard, and which was killed a few years ago for the 
table. The ſervant» in plucking it was very: unexpectedly 

' wounded i in the hand. On examination the cauſe appeared fo 
ſingular, that the bird was brought to me. I diſcovered, that 
from the thigh-bone iffued a ſhort upright proceſs, and to that 
grew a large and ſtrong. toe, with a ſharp and crooked claw, 
exactly reſembling that of a rapacious bird. 
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VII. ir of a Nebula A Coma Berenices. 


? Pigott, Efg. Ina Letter to Nevil ALI D. D. F. R. 5. 
23 Eiſenlicttdcœ% 2 N i % Hi Babu 
. OUT h Read January IT, 1781. 
8 on-houſe, G1 ſhire, 
REV. SIR, | me = ns —_ re 


S my father generally addrefles to you ſuch papers as he 
communicates to the Royal Society, I beg the favour of 
you to acquaint that learned body, that, on the 23d of March, I 
diſcovered a nebula in the-conſtellation of Coma Berenices, 
hitherto, I preſume, unnoticed ; at Aeaft not mentioned in M. 
DE LA LAN DE“s Aſtronomy, nor in M. Mg$s1ER's ample Cata- 
logue of nebulous Stars. I have obſerved it in an achromatic 
tranſit inſtrument, three feet long, and deduced its mean R. A. 
by comparing it to the following ſtars, having made the neceſ- 
ſary corrections for aberration and nutation, the reſults are: 


By à Gemini 332 - 191 28 35 
By y Canis Majoris - - - 191 28 41 
By e Virginis 2 - - 191 28 45 
By » Virginis - - - I91 28 36 
By 3 Leonis - $258 - 1591 28 34 


Mean R. A. of the nebula for April 20, 1779, 191 28 38 


Its 


Mr. y160TT's Arcount of Nebula, Ke. * 83 
Its light being exceedingly weak, T could not ſee it in the 
two-feet teleſcope of our quadrant, ſo was obliged to determine 
its declination likewiſe by the tranſit inſtrument. This deter- 
mination; however, I believe, may be depended. upon to two mi- 
nutes: hence its dechnation north is 22 53“ 1. The diameter 
of this nebula I judged to be about two minutes of a degree. 5 


Jam, &c. 


E. PIGOTT. 
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VIE. - Double Stars diſcovered in 1779, at Frampton-houſe, 
Glamorganſhire. By Nathanael Pigott, E/. F. R. S. 
Foreign Member of the Academies of Bruſſels and Caen, and 
Correſpondent of the Royal Academy of Sciences at Paris: 
communicated by Nevil Maſkelyne, D. D. F. R. 8. and 


Aftrononamer Ray al. 
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Read January 11, 1781. 
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on” CLOSED are SEED NA WS the places of three 
double tags, which 1 diſoovered this; Famer ; at leaſt, I 
preſume, they Have not been obſet | lbetbre, hecauſe I do not 
find them inſerted in Dr. 


A s catalogue, publiſhed in 
the Nautical Almanac 1755 0 In the Cannoiſſance des Tems, 
no more than in other catalogues + in my poſſeſſion. Delphini, 
indeed, is in M. DE LA CAILLE's catalogue ; but not as a dou- 
ble ſtar. The inſtrument he uſed was not, probably, power- 
ful enough for that purpoſe. In the two-feet teleſcope of my 
quadrant it appears only as a ſingle ſtar. Theſe ſtars were ob- 
ſerved by me in a three-feet achromatic teleſcope of a tranſit 
inſtrument, with an object-glaſs near two inches diameter. 
The R. A. are nicely determined by ſeveral obſervations, which 


always agree with each to a fragzon of a ſecond in time. The 
declinations 


. , Mri rr Accomtof thuble Start, e. By 
deelinations were deduced from the difference of altitudes be- 
tween the double ſtars and the known ſtars, to which they were 
compared, as ſhewn by the graduated ſemi-circle of the tranſit 
inſtrument, which, being divided to two minutes only, cannot 
be ſuppoſed to give any great preciſion : however, I believe, 
their declinations, hence deduced, to be correct to one minute, 
or one minute and a half. 

In obſerving the double ſtar compared to 7 Pegaſi, I found it 
impoſſible to illuminate the wires of the tranſit inſtrument, 
without nearly obliterating the ſtar. This difficulty led me to 
a method, which, as it completely ſucceeded, may, under fimi- 
lar circumſtances,. poſſibly be of uſe to others. A perſon illu- 
minating the wires very faintly, ſo that I could juſt perceive the 
double ſtar, at a ſignal totally withdrew the light: this ſignal 
I made when the double ſtar was nearly as far diſtant from the 
firſt wire as the five wires are diſtant from each other, which, 
in this caſe, was 13” by the clock. I then counted the ſeconds, 
and did not fail to ſee the ſtar diſappear a ſecqnd or two within 
the time expected. On its diſappearing, I made a fignal to 
write down; and then beginning to count again, did tlie 
ſame at each wire. I have ſince tried this method with other 
ſtars, and think they may be thus obſerved, even with greater 
preciſion than when the wires are illuminated. Hence the 
troubleſome buſineſs, well known to aſtronomers, of illumi- 
nating faint Objects, may be reinoved. 

The preceding | ſtar of each double ftar was ; obſerved on the 
firſt; third and fiftli wires, and the following e one on the fecond 
and fourth Wites z atm thus their difference in R. A. in time, 
converted into parts of a great circle, obtained; * Suppoſing the. 
apparent R. A. and App. declinations of « Delphini, 2 Aquariz, 
and 7 Pegaſi, as here aſſumed, che · places of theſe double ſtars 


were found to be as tollows. 8. 


1 beg 


** 


7 
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I beg you to communicate, theſe: obſervations to the Royal 
Society ; ; and to receive my thanks for * 1 a in your 
* of the 7th in vftant. y 


* 


8 l Jam, &c. e 
N. PIGO TT. 
September 55 775 9 
* App. declination. 
N Delphin, 3d mag. 2 97s 15 8 $3 N. 


309 6 30 2d or brighteſt of Y Delphini 4. 15 20 40 N. 
0" "01 diff. R. A. of the 2 ſtars in Delphini. 


Note, both the ſtars in 7 Delphini have the ſame, or 
nearly the fame, declination. The ft is of the 6th, 


k SS #4 tt £< 


September 19. 


319 59 27 +. 6 Aquarii, ——_— EL 34 S. 
318 4321 preceding double ſtar, 5th'1 m 7 40 348. 
O 11— diff. R. A. between 1{t and mag. the double ſtar. 


Note, the iſt ſcemed of the 5th, the 2d of the 7th mag. 
The ſt is perhaps 6” © or 80 S. of the following « one. 


75 


337 36 55+ 7 Pegaſi, 3d mag. FEY 9 41 24 N. 

346 53 361 double ſtar, 8th, gth mag = * 3 59 17 N. 

Note, both the ſtars of this double ſtar hows the ſame, or 
nearly the ſame, R. A.; their difference in declination 
is 15” or perhaps 20”. > 
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IX. An Account of the Ganges and Burrampooter Rivers. By 
James Rennell, Efg. F. R. S.; communicated by Joſeph 
Banks, E/7. P. R. S. 8 1 


Read January 25, 1781. 


HE * Ganges and + Burrampooter Rivers, together with 
their numerous branches and adjuncts, interſect the 
country of Bengal in ſuch a variety of directions, as to form 
the moſt compleat and eaſy inland navigation that can be con- 
ceived. So equally and admirably diffuſed are thoſe natural 
canals, over a country that approaches nearly to a perfect plane, 
that, after excepting the lands contiguous to Burdwan, Bir- 
boom, &c. (which altogether do not conſtitute a fixth part of 
Bengal) we may fairly pronounce, that every other part of the 
country has, even in the dry ſeaſon, ſome navigable ſtream 
within 25 miles at fartheſt, and more commonly within a third 
part of that diſtance. | 
It is ſuppoſed, that this inland navigation gives conſtant em- 
ployment to 30,000 boatmen. Nor will it be wondered at, 


When it is known, that all rom ſalt, and a large proportion of the 


* The proper name of this river in the language of Hindooſtan (or Indoſtan) . 
is Pudda or Padda. It is alſo named Burra-Gonga, or the Great River; and 
Gonga, the River, by way of eminence ; and from this, doubtleſs, the European 
names of the river are derived. | 

+ The orthography of this word, as given here, 1s according to the common 
pronunciation in Bengal; but it is ſaid to be written in the Sanſcrit language, 


Brahma-pootar, which ſignifies the Son f Brahma, 
food 


= : — - > 
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food conſumed by ten millions of people are conveyed by water 
within the kingdom of Bengal and its dependencies. To theſe 


. muſt be added, the tranſport of the commercial exports and im- 
ports, probably to the amount of two millions ſterling per 


amum; the interchange of manufactures and products through- 


out the whole country ; the — and the article of tra- 


velling *. 
Theſe rivers, which à late ingenious gentleman aptly termed 


ſiſters and rivals (he might have ſaid tuin fiſters, from the con- 
tiguity of their ſprings), exactly reſemble each other in length 


of courſe ; in bulk, until they approach the ſea ; in the ſmooth- 
neſs and colour of their waters; in the appearance of their 
borders and iflands; and, finally, in the height to which their 
floods rife with the periodical rains. Of the two, the Burram- 
pooter is the largeſt; but the difference is not obvious to the 
eye. They are now well known to derive their ſources from 
the vaſt mountains of Thibet ; from whence they proceed in 
oppoſite directions; the Ganges ſecking the plains- of Hin- 


dooſtan (or Indoſtan) by the weſt ; and the Burrampooter by 


che caſt ; both purfuing the early part of their courſe through 
rugged: vallies and defiles, and ſeldom viſiting the habitations of 
men. The Ganges, after wandering about 750 miles through 
theſe mountainous regions, iſſues forth a deity to the ſuperſti- 


»The embarkations made ufe of vary in bulk from 180 tons down to the fize 
of a wherry, Thoſe from 30. to 550 tons are reckoned the moſt eligible for 


tranſporting merchandize. 
+ Theſe are amongſt the higheſt of the mountains of the old hemiſphere. 1 


was not able to determine their height; but it may in ſome meaſure be gueſſed, 


by the circumſtance of their riſing conſiderably above the horizon, when viewed 


from the plains cf Bengal, at the diſtance of 150 miles. : 
| 7 | . tious, 


** 


dan ann 800 
tions, vet gladdoned, inhabitant of Hindseſtan * Port” Hwtd. 
war (or Hurdoar} in Latitude 307, where & geſkes They an 
opening in the mountains, it flows" wirkt a french kavia 
ſtream through delightful plains durimg the retSnder ef its 
courſe to the ſea (which is about 1350 miles) diffukng plenty 
immediatety by means of its living prädüstioris; Aud ſecortda - 
rily by enriching the adjacent lands, and” affording an ef 
means of tranſport for the productions of its borders. In 4 
military view, it opens a coffitmunication between the different 
poſts, and ſerves in the eapaeity of a mary way through the 
country ; renders unneceflary the forming of magaꝛ ines; and 
infinitely ſurpaſſes the celebrated inland navigation of North 
America, where the carrying places not only obſtruct the pro- 
greſs of an army, but enable the — to determine his 
place and mode of attack with certainty. | 

In its courſe through the plains, 1 it receives eleven rivers, ſome 
of which are equal to the Rhine, and none ſmaller than the 


* The fabulous account of the origin of the Ganzes (as communicated by 
my learned and ingenious friend c. w. zouGuron” £6t$t, Eſq.) is, that it flows 
out of the foot of Befchan * (from whence, ſay the” Brarhins, it has its name 
Padda ; that word fignifying foot in the Sahſtrit + Latignta ); and that in its 
courſe to the plains of Hindooſtan it betdes 0 my tenſe rock ſhaped like 
a Cow's-head. : *z\ 

The allegory is higHly expreſlive of the veneration which 'the Hindoos have for 
this famous ſtream ; and no leſs ſo of their gratitude £6 the Author of Nature for 
beſtowing it : for it deſcribes the ting as 6 Journ 8 putely from his bounty and 
h widdigr no. 167; 

The rock before mentioned has, I bende, bebe Bech vitited by any European ; 
and is even allowed by moſt of the natives to bear no reſeibläffet to the object 
from whence it is dendminated. However, as the effect of ſuperſtition do often 
long ſurvive the illufions that gave it birth, the * of me wit preſerves the 


name of Gowmooky, of Com s-head. 
= = . * 108 3 


* Beſchan i 1s the ſame wah Viſtnou, the PRESERVING DEITY» 


| Vor. LXXI. 8 Thames, 


1 dim ee 
Thames, - beſides as many others of leſſer note. It is owing to 
this vaſt influx of ſtreams, that the Ganges exceeds the Nile ſo 
greatly in point of magnitude, whilſt the latter exoceds it in 
. length of courſe by one-third. Indeed, the Ganges 3 is inferior 
in this laſt reſpe&; to many of the northern rivers of Aſia; 
though I am inclined! to think that it diſcharges as much or 
more water than any of them, becauſe thoſe rivers do not lie 
within the limits of the periodical rains *. 

The bed of the Ganges is, as may be "whey very unequal 
in Point of W | From its firſt arrival in the plains at Hurd- 


' 


— - * 2 


C The proportional lengths of a of fome of the "ma noted rivers in the 
world are ſhewn nearly by the following numbers : : 


| *. . — 1 
* European Rivers. r 0 
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Son ad n, Rivers. "3 
war, to the conflux of the Jumnah (the firſt river of nate that 
joins it) its bed is generally from a mile to a mile and a quarter 
wide; and, compared with the latter part of i its courſe, tole- 
rably ſtraight. From hence, downward, its courſe becomes 
more winding, and its bed conſequently wider , till, having 
alternately received the waters of the Gogra, Soane, and Gun- 
duck, beſides many ſmaller ſtreams, its bed has attained its 
full width ; although, during the remaining 600 miles of its 
courſe it receives many other principal ſtreams. Within this, 
ſpace i it is, in the narroweſt parts of its bed, half a mile wide, 
and in the wideſt, three miles ; and that, in places where no 
iſlands intervene. The ſtream within this bed is always either 
increaſing or decreaſing, according to the ſeaſon. When at its 
loweſt (which happens in April) the principal channel- varies 
from 400 yards to a mile and a quarter ; but is commonly about 
three quarters of a mile. 

The Ganges is fordable in ſome places above the conflux of 
the Jumnah, but the navigation is never interrupted. Below 
that, the channel is of conſiderable depth, for the additional 
ſtreams bring a greater acceſſion of depth than width. At 500 
miles from the ſea, the channel is thirty feet deep when the 
river is at its loweſt ; and it continues at leaſt this depth to the 
ſea, where the ſudden expanſion of the ſtream deprives it of the 
force neceſſary to ſweep away the bars of ſand and mud thrown 
acroſs it by the ſtrong ſoutherly winds ; ſo that the principal 
branch of the Ganges cannot be entered by large veſſels. 

About 220 miles from the ſea (but 300 reckoning the wind- 
ings of the river) commences the head of the Delta of the 
Ganges, which is conſiderably more than twice the area of 
that of the Nile. The two weſternmoſt branches, named the 


= This will be explained when the windings of the river are treated of. 


N 2 Coffinbuzar 
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Coffimbuzar and Jellingby Rivers, unite and form what is 
afterwards named the Hoogly River, which is the port of 
Calcutta, and the only branch of the Ganges that is commonly 
| navigated by ſhips . The Coffimbuzar River is almoſt dry 

from October to May; ; and the Jellinghy River (although a 
ſtream runs in it the whole year) is in ſome years unnavigable 
doring two or three of the dryeſt months; fo that the only 
ſubordinate branch of the Ganges, that is at all times naviga- 
ble, is the Chundnah River, which ſeparates at Moddapour, 

and terminates in the Hooringotta. 
That part of the Delta bordering on the ſea, is compoſed of 
a labyrinth of rivers and creeks, all of which are falt, except 
thoſe that immediately communicate with the principal arm 
of the Ganges. This tract, known by the name of the 
Woods, or Sunderbunds, is in extent equal to the principality 
of Wales; and is fo completely enveloped in woods, and in- 
feſted with Tygers, that if any attempts have ever been made 
to clear it (as is reported) they have hitherto miſcarried. Its 
NUMETOUS canals are fo diſpoſed as to form a compleat inland 
navigation throughout and acrofs the lower part of the Delta, 
without either the delay of going round the head of it, or the 
hazard of putting to fea. Here falt, in quantities equal to the 
whole conſumption of Bengal and its dependencies, is made 


* The Hoogly River, or weſternmoſt branch of the Ganges, has a much 
deeper outlet to the ſea than the principal branch. Probably this may be owing to 
its precipitating a leſs quantity of mud than the other ; the quantity of the 
Ganges water diſcharged here being leſs than in the other in the proportion of one 
to fix, From the difficulties that occur in navigating the entrance of the Hoogly 
River, many are led to ſuppoſe, that the channels are ſhallow, The difficulties, - 
however, ariſe from bringing the ſhips acroſs ſore. of the ſand-bapks, which pra- 
jet 0 far i into the ſea, that the channels between them cannot eafily be traced 
from without. 5 
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and ehitiſforted with equal facility: and here alſo 1 is found an 
ex hauſtible ſtore of timber for boat · buildin g. The breadth 


of the lower part of this Delta is vpwards of 180 miles; to 
which, if we add that of the two branches of the river that 


bound it, we hall Bave about 20 miles for the diſtance to 
which rhe Ganges age its branches at its junction with the 
= 
It has been obſetvet before, that the courſe of this river, from 
Hurdwar to the ſea, is through an uniform plain, or, at leaſt, 
what appears ſuch to the eye: : for, the declivity is much too 
ſmall to be perceptible. A ſection of the ground, parallel to 
one of its branches, in length 60 miles, was taken by order of 
Mr. HAS TINGS; and it was found to have about nine inches de- 
ſcent in each mile, reckoning in a ſtraight line, and allowance 
being made for the curvature of the earth. But the windings 
of the river were ſo great, as to reduce the declivity on which 
the water ran, to leſs than four inches per mile: and by a com- 
pariſon of the velocity of the ſtream at the place of experiment 
with that in other places, I have no reaſon to ſuppoſe, that its 
general deſcent exceeds it *. 

The medium rate of motion of the Ganges is leſs than three 
miles an hour in the dry months. In the wet ſeaſon, and 
during the draining off of the waters from the inundated lands, 
the current runs from five to ſix miles an hour; but there are 
inſtances of its running ſeven, and even eight miles, in parti- 
cular fituations; and under certain circumſtances. I have an 


* M. vz conDAMINE found the deſcent of the river Amazons, in a ftraight 
courſe of. about 1860 miles, to be about 1020 Engliſh feet, or 64 inches in a mile. 
If we allow for the windings, it comes out nearly the ame as the Ganges (which 
winds about 13 mile in three, taking its whole edurſe through the plains), namely, 
about 4 inches in a mile. 


experiment 


94 Me. EN NAL L's Account of | the 
experiment of my own on record, in which my boat was car- 
ried 56 miles in eight hours; and that againſt ſo ſtrong, a wind, 
that the boat had evidently no progreſlige motion through ſhe 


Water. 
When we conſider, that the velocity, of the Sand is FO 


miles in one ſeaſon, : and five or more in the other, on the ſame 


deſcent of four inches per mile; and, that the motion of the 
inundation is only half a mile ber hour, on a, much greater 
deſcent; no further proof is required how ſmall the proportion 
of velocity is, that the deſcent communicates. It is then, to 
the impetus; originating, at the ſpring, head, or at the place 
where adyentitious waters are poured in, and ſucceffively com- 
municated to every part of the ſtream, that we are principally 
to attribute the velocity, which is greater or leſſer, n to 
the quantity of water poured 111. e 

In common, there is found on one fide of "2 river an almoſt 
perpendicular bank, more or leſs elevated above the ſtream, 
according to the ſeaſon, and with deep water near it: and on 
the oppoſite ſide a bank, ſhelving away ſo gradually as to occa-· 
fion ſhallow water at ſome diſtance from the margin. This is 
more particularly the caſe in the moſt winding parts of the 
river, becauſe the very operation of winding produces the 
ſteep and ſhelving banks *: for the current is always ſtrongeſt 
on the external fide of the curve formed by the ſerpentine 


courſe of the river; ; and its contin al action on the banks 
5 
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Hence it is, that the ſection of a river, that winds through a looſe ſoil, 
approaches nearly to an obtuſe angled- triangle, one of whoſe fides i is exceedingly 
ſhort and diſproportioned to the other two = But when a river perſeveres i in 


a ſtraight courſe, the ſection becomes nearly the half of an pi divided. 


| longitudinally | cates | h 
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Ganges and Bucrampooter Rivers. 95 
either undermines them *, or waſhes them down. In places 
where the current ia remarkably rapid, or the ſoil uncom- 
monly loſe, ſuch; tracts of land are ſwept away in the courſe 
of one ſeaſon, as would aſtoniſh thoſe who have not been eye- 
witneſſes to the magnitude and force of the mighty ſtreams 
occaſioned by the periodical rains of the tropical regions. This 
neceſſarily produces a gradual change in the courſe of the river; 
what is loſt on one ſide being gained on the other, by the mere 
operation of the-ſtream-: for the fallen pieces of the bank diſ- 
ſolve quickly into muddy fand, which is hurried away by the 
current along the border of the channel to the , point from 
whence the river turns off to form the next reach, where the 
ſtream growing weak, it finds a heſting place, arid helps to form 
a ſhelving bank, vhich commences at the point, and extends 
downwards, along the fide of the ſucceeding reach. 1279 

To account for the ſlackneſs of the current: at hs hi, it 
is neceſſary to obſerve, that the ſtrongeſt part of it. inſtead of 
turning ſhort round the point, preſerves for ſome time the direc- 
tion given ĩt by the laſt ſteep bank, and is accortngly thrown 
obliquely acroſs the cbed of the river to the bay on the oppoſite 
ſide, and purſues its courſe along it, till the intervention of 
another point again obliges it to change ſides. 

In thoſe few parts of the river that are ook ra the banks 
undergo, the leaft alteration +, as the- current runs parallel to 


* In the dry ſeaſon ſome '6f theſe banks are more than 30 feet high, and often 
fall down in pieces of many tons weight, and occaſion ſo ſudden and violent an 
agitation of the water, as ſometimes to fink large boats that happen to be near 
the more. | | 

+ It 1s more than probable, that the kraight parts owe their exiſtence to the 
tenacity of the ſoil of which their banks are compoſed. Whatever the cauſe 
may be, the effect very * points out ſuch fituations as the propereſt for 
placing towns in. 01 
* them; 


— 
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them; but the leaſt inflectian of courſe hatrlis elfuld of w- 
ing the current againſt the bank; and if this happens in a pare 
where the foil is nm = _ 
ſerpentine winding. n DOT CO | 
It is evident, that the repeated :ddirions 0 aeg 
bank before mentioned, become in time an encroachment n 
the channel of the river; and this is again oπeẽr · halanoed by 
the depredations made on the ↄppoſite ſteep bank, the frag- 
ments of which, either bring about a repetition of the cirvu,⁶i- 
ſtances above 'recited, or fortii a bank or ſhallow in the -midft of 
the channel. Thus a fteep and © thelving bank ate alternately 
formed in the crooked parts of the river (the ſteep one being 
the indented: fide; and the ſhelving orie the projebling )';. and 
thus, a continual fluctuation of courſe is indueed in all the 
winding parts of the river; each meander having a perperuat 
tendenoy to deviate more and more from the line of xhe general 
courſe of the river,” by eating deeper into the bays, and at the 
fame time adding to the points, will eicher the oppoſite bays 
meet, or the ſtream breaks through the narrow ag and 
reſtores a temporary ſtraĩghitneſs to the channel, © 
Several of the windings of the Ganges and its danke abs 
faſt approaching to this ſtate; and in others, ie actually exiſts ut 
preſent. The experience of theſe ehanges ſhould operate againſt 
attempting canals of any length, in the higher parts of the 
country; and I much doubt, if any in the lower parts would 
long continue navigable. During eleven years of my reſidence 
in Bengal, the outlet or head of the Jellinghy River was gra- 
dually removed three quarters of a mile farther down: and by 
two ſurveys of a part of the adjacent bank of the Ganges, 
taken about the diſtance of nine years from each other, it ap- 
peared that the breadth of an Engliſh mile and a half had been 

taken 
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taken way. This is, however, the yagſt, rapid nr that,! 
have, naticed;,4 Mmile:in ten or; dwelxe years, being, the. uſual 
rate; of inercachment, in places whens;the.current irikes with 
the greateſt | farce, namely, where, two adjoiping xeachss,qp- 
proach neareſt to à right anglgt : Iyfych. ftuations it not unfre- 
quently. excaraſes! Sulf“ of, confidaxable length within. the 
bank. Theſe gults are in the, direction of the ſtrongeſt parts gf 
the — an are, in fact, the young (opts (if L may ſo expreſs 
myſelf ), which 1 In time ſtrike out. and become branches of the 
river; * we generally 0 them at thoſe turnings that haye 
the ſmalleſt angles A - At 7 2 21 10 4 $20: A 1: 

Ty caules, widely een r 
meandering courſes of Avg 3) the one, the Bj anger beter 
wii, in — 4 a 13 * the _ the Jooſench po? 
the foil, Which elde o the friction of the harder, gf the 
ſtrcam. The meauders in the firſt caſe, , age, i gf..courſe, as 
digreſſe and irgguar as the ſurface they arg. pred 
on: but, in the latter, ther are {far redgcibe $0, rule, 
that: wers of unequal, bulk will, under Similar, cirgumſipngy, 
wha a circuit to wind in, whoſh extent is ip | proportion 
cd reſpective breadths: for I fee Were, WF 


- * The Count Ds apzron adyile the este 7 OY ts fuch h * gal in 2 banks of 
ordinaty rivers, With a view t6 divett the 4 A [hen eidgs or other*buile- 
ing ate endangered by ii IL bs vad 207 19, nay 

+ The courſes of theſe branches at the efflux, generally, if not always, become 
retrograde to the courſe of the river :- for, Da ind bank accumulating at the upper 
point of ſeparation, gives an oblique direction wpwards, to the tream; which would 
otherwiſe run out at right angles. This farld bank being always on "the increnſe, 
occafions a cor roſion of the oppofite bank pc By this' means all, er moſt of the 
ontlets have a progreffive motion downwards: a1 have before amen 8 dhe 
Jeiliaghy River, in the foregoing page. d h ilk Tor ng Elana 
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1 dich of the” Ganges is fallen fo low 
only Part of its bed, it no longer continues in che-lins of its 
old cburſe: but works itſelf a new channel, which winds from 
ſide to ide acroſs the former one · I have obſerved too, that: in 
"two: ſtreams, of equal fize; that which has the ſloweſt cur- 
rent has allo: the finalleft windings : for as theſe (in the preſent 
caſe) art ſolely owing to the depredations made on the banks 
by the force of the current; ſo the extent of theſe depreda- 
tions, ory in other words, the dimenſions of the windings, will 
be determined by the degree of force acting on the banks. 
The windings of the Ganges in the plains, are, doubtleſs, 
wing ta the looſeneſs of the ſoil: and (I think) the proof of 
it is that they are: perpetually changing; which thoſe, origh 
"nally W 1275 an Ae eee of e can W or never 
do. $2.09 2 ; 

I can Fed * chat if the Ganges was ited mto a 
Ariight canal, cut through the ground it now traverſes in the 
moſt: winding parts of its courſe, its ſtraightneſs would be 
of ſhort duration. Some yielding part of the bank, or that 
which happened to be the moſt ſtrongly acted on, would firſt 
be rsd 0 or diſſolved: thus a bay or cavity would be formed 
in the ſide of the bank. This begets an inflection of the cur- 
rent, which, fallin g obliquely on the fide of the bay, corrodes 
it inceſſantly. When the current has paſſed the innermoſt 
part of the bay, it receives a new direction, and 1s thrown 


* It has been 3 * the nates of rivers become more : winding as 
they approach the ſea. This, 1 believe, will only hold good in ſuch as take the 
latter part of their courſe through a, ſandy ſoil. In the Ganges, and other rivers 
fubject to conſiderable variations in the bulk of their ſtreams, the beſt marks of 
the vicinity of the fea ate, the lowneſs of the river banks, and the increafing 
muddinefs of the ſhallows i in its bed, 


obliquely 
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obliquely towards che oppoſite fide.of the cangl,odephbting.io 
its way the matter — from the bay, and 
o form n ſhallow or bank contiguous to the border ofithe canal. 
Here then is the origin of ſuch windings as owẽ⅛t their. exif ence 
to the nature of the foil. | The bay; 19 corroded, in time be- 
comes. large enougli to giue a ne direction tu the hy of th 
canal: aud the matter excavated from the bay is ſa; diſpoſed as 
to aſſiſt in throwing the current againſt the oppoßite bank, 
Where a a proceſs, Aw to. * 1 * been deſcribing, will be 
begun. + 23 5 ot Atto or 
The alien A 3 will. alis bare the 
effect of deepening the border of the channel near. i and this 
again increaſes the velocity of the current in that part, Thus 
would the canal gradually take a new, farm, till it became what 
the river now is. Even when the windings. haye. leſſened the 
deſceat'one half, we. ſtill find the current too ve the 
banks to withſtand ĩt. rn 1114 ee u,, 
There are not wanting — of. a total changes of dun 
in ſome of the Bengal rivers*: The Coſa River (equal: to. the 
Rhine) one ran by Purneah,' and joined the Ganges oppoſite 
Rajemal. Its junction is now 45 miles higher. up. Gour, the 
ancient capital of Bengal, ſtood on the banks of the Ganges. 
Appearances favour very ſtrongly the opinion, that the 
Ganges had its former bed in the tract now occupied by the 
lakes and moraſſes between Nattore and Jaffiergunge, ſtriking 
out of its preſent courſe at Bauleah, and paſſing by Pootyah. 
With an equal degree of probability (favoured by tradition) we 
may trace its ſuppoſed courſe by Dacca, to a junction with the 
Burrampooter or Megna near F ringybazar ; where the accumu- 


The Mootyjyl lake is one of the windings of a former channel of the Col. 


fimbuzar River. 
0 2 lation 
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dation · or · To · uch tig hey Itreams probably Aeooped our: the 
preſeu yx 


b bed ef tht Megna ®; dun 29375008 off ng Ht 
Augsten the fa Ot of che Delta; e ndnd Aeſd chen 


Went Spenge; eaelr of teh Without heſttation, ofle pro- 
fue to have bee in its time the principal mouel thy 
Ganges Hr is the occafionaldeviatibiz oP the privcipi brafich, 
prbbidlyþ rib Unt cafe f fluctuntien inthe dimerifions df the 
BeGe obſttves,; chat the. Deltas f capital rivers (che 
| Hopichl cBH6S particularly}: chcfroach? upon the fend New, is 
not this'owing to the mud and ſand brought down by the tivers, 
MY» SR) i pegel. tom the vernstbft ages dowrr to the 
Preſtut tire The fers, ve kiow/ hre loaded with ful and 
Add at the dnttf znr ice the Ka 5 And dvs alte know, that che 


Kea feebvets it thinſpateney iat the diſtanee of twenty leagues 
Rem tig doafts hic ftr CA only afife (From thie Waters having 


precipitated "Mar earthy partieles withiitthit pace. - Thie ſand 
and mud banks at this time, extend twerlty: miles f- oe of 


WHieNands'/ bythe mouths bf theGatiges and Burfapooter; and 
in mafly plates 'tife Within Ia few fert bf the fur face. Some 
Kattire genetutfn will probably ſee theſe batiks riſe above water, 
and fueceEding ones pofſefs and-cultivitethem !. Next Werth. 
quakes, þethaps the — of the tlopical rivers produce the 

quickeſt alterations ithe face of our globe. Extetifive'iflands = 
Abe forthed in the chirinel of the Ganges, during: 4 period far 


kt of char of a man's Ble; fo that” the Whole ben Hes 


* 1 and Burrampooter- are names Gi be ia to the ſame river in different 
parts of its courſe; The Megua fall into the Hurrampooter; and, though a much 
Stiller river, communicates its nume to the other during the reſt of its 
courſe. 

91 within 
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abe eee yr 
within che bommpaſs of his bbſervatioan®? o böte iſtarias, 
four o free miles in extent, arcfommned r the dh geky! tornings 
ot ine ren, and were brigiusliy derge ſandobankb;chrown ub 
round tic points (in che manner before deſeribed) but after 
wards In ſulated by brenches of the river. Others ate formed 
in the. ſtraight. parts of the river, and in tie middle of the 
ſtreams an@ oe their òrigin: to:fore obſtruction lubking at the 
Bottom. Whether this. be the fripments of the rloer banks A 
large tree ſwept dow from it; ors ſunken boat; lub ſufficient 
— ai\foundation : Anda heap of ſandiis quicklycollected below 
it;  "Phis-atoumdtaercargaingly faſt : in the coptſe of 2 few 
verre le. eech above water, and hawng now ufurped a" conſi- 
detable portion of the thiannel, the rlwer borrowgen! each ide 
to ſupply! the deficiency in its bed 30 and in ſock parts of the 
rivet wer always find ſteep banks on both ſides . Each periodi- 
cal flood brings an addition of matter. to this growing iſand; 
ineræaſſdg it in height as well as extenſion, until its top is per- 
' fotly on à level with-the banks that inelude it: and at that 
petiad of its growitir it has mould enough on it for the pur- 
pn of cſtivation, which is owing'to the mud left on it whien 
e waters fublide, and'is indeed a part of the RC which 
nature obſerves: in fertilizing the lands in general, 315 
Whilſt the river is forming new iſlands in one part, iti is 
ſweeping away old ones in other pures. In the progreſs of this 
deſtructive operation, we - have opportunities of obſerving, by 
means of the ſechons of the wy bank, the n, diſtri- 


* (Accordingly, the oo kae alluvion are aſtertaited: with b pre- 
cifion. i . Kanes 11 . 

+ This evidently points out the means for preventing encroachments on a 
river bank in the ſtraight parts of its courſe, viz. to remove the ſhallows in the 


middte bf its channel. 
bution 
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dbugzag gf tlie; ſeveral. Rrats/of land and carths,- lying: above 
one another in che order in which they decreaſe in gravity, As 
they can only owe; this diſpoſition to the agency af the ſtream 
that depoſited them, it would appear, that theſo ſubſtances are 
ſuſpended at different. heights in the ſtream, according to their 
reſpective gravities We never find a ſtratum of earth under 
one of ſand:;/ for the muddy particles float neareſt the ſurface v. 
I have counted ſeven diſtinct ſtrata in a ſection of one of. theſe 
illands. Indeed, not only the iſlands, but moſt of the river 
banks wear the ſame appearance: for as the xiver is always 
changing its preſent bed, and verging towards the ſite of ſome 
former one now obliterated, this muſt neceſſarily be the taſe. 
As a, ſtrong preſumptive proof of the wandering of the 
— from the one fide of the Delta to the other I muſt ob- 
ſerve, that there is no appearance of virgin earth between the 
Tiperah Hills on the eaſt, and the province of Burdwan on the 
welt; nor on the north till we arrive at Dacca and Bauleah. 
In all the ſections of the numerous creeks and rivers in the 
Delta, nothing appears but ſand and black mould in regular 
ſtrata, till we arrive at the clay that forms the lower part of 
their beds. There is not any ſubſtance ſo coarſe as gravel 
1 either in the Delta or nearer the ſea than 400 miles +, where a 
* rocky point, a part of the baſe of the neighbouring hills, pro- 
jects into the river: but out of the vicinity of the great rivers 
the ſoil is either red, yellow, or of a deep brown. 


* A glaſs of nts taken out of the Ganges, when at its height, yields about 
one part in four of mud. No wonder then that the fubfiding waters ſhould 
quickly form a ſtratum of earthz or that the Delta ſhould encroach 9p the 
ſea | 
1 At Oudanulla, 


I come 
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I come ow to che particulars of the annual wellig and 
overflowing of che Gunges *. 1 e e ie ee, 20D 
4 It appears to owe its increaſe as much to the rain witer thut 
falls in the mountains contiguous to its ſource,” and to the 
ſources of the great northern rivers that fall into it; as to that 
which falls in the plains of Hindooſtan; for it riſes fifteen feet 
and a half out of thirty- wo (the ſum total of its riſing) by the 
latter end of June: and ĩt is well known, that the rainy ſeaſorr 
does not begin in moſt of the flat countries till about that time. 
In the mountains it begins early in April; and by the latter 
end of that month, when the rain-water has reached Bengal, 
the rivers: begin to riſe, but by very flow degrees; for the in- 
creaſe is only about an inch per day for the firſt fortnight. It 
then gradually augments to two n three inches before _ 


* An opinion hos long prevailed, that the ſwelling of the Ganges, previous to 
the commencement of the rainy ſeaſon in the flat countries, is in a great meaſure 
ewing to the melting of the ſnow in the mountains, I will not go ſo far as totally 
to difallow the fact; but can by no means ſuppoſe, that the enn 
water bears any proportion to the increaſe of the river. 

I The vaſt collection of vapours, wafted from the fea by the ſoutherly or 

ſouth-weſt monſoon, are ſuddenly topped by the lofty ridge of mountains that runs : 
from eaſt to weſt through Thibet. It is obvious, that th& accumulation and con- 
denſation of theſe vapours, muſt firſt happen in the neighbourhood of the obſtacle ; 
and ſucceſſively in places more remote, as freſh ſupplies arrive to fill the atmo- 
ſpheres. Hence the priority of commencement of the rainy ſeaſon in places that 
lie neareſt the mountains. $- 

All the rivers that are ſituated within the limits of the monſorns, or ſhifting 
trade winds, are ſubje& to overflowings at annually tated periods, like tlic 
Ganges : and theſe periods return during the ſeaſon of the ſoutherly wind, that 
being the only wind which brings vapours from the ſea ; and this being periodical, A 
the falls of rain muſt neceſſarily be ſo too. 

The northerly wind, which blows only over the land, is dry; for no rain 
(except caſual ſhowers) falls during the continuance of that monſoon. 


—— 
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hpeanith ab ira falls in che fat-conntries'; and when che tin 
becomes general, the increaſe on a medium is frvgabahts.gur 
ay. 0 By thus latter end of July all the lower parts of Bengal, 
contiguous to the Ganges and Burcampooter, are dverflowed, 
and form an ãũnundation of more than a hundred miles in width; | 
nothing appearing but villages and trees, excepting very rarely 
thie top of an elevated ſpot (the artificial 2 of Yorke de- 
ſerted village) appearing like an land.” 

The inundations in Bengal differ Gen thoſe in Potts this 
particular, that the Nile owes its floods entirely to the rain- 
water that falls in the mountains near its fource; but the inun- 
dations im Bengal are as much occaſioned by the rain that falls 
there, as by the waters of the Ganges; and as a proof of it, the 
lands in genenal are overflowed to à confderable height long 
before the bed of the river 1s filled. It muſt be remarked, that 
the g 4 round adj acent to the river bank, to the extent of ſome 
ory is Contderabiy higher than the reſt of the country *, 
and ſerves to ſeparate the waters of the inundation from thoſe 
of the river until it overfows. This high ground is in ſore 
feaſons covered a foot or more; but the height of the inunda- 
tion within, varies, of courſe, according to the e of 
the ground, and is in ſome places twelve feet. 

Even when the inundation becomes general, the river full 
ſhews itſelf, as well by the graſs and reeds on its banks, as by 
its rapid and muddy ſtream; for the water of the inundation 


es a blackiſh hue, by having been ſo long ſtagnant 


This property of the hank i is well accounted for 2 Count pUFFON, who, 
imputes it to the precipitation of mud made by the waters of the river, when it 
overflows, The inundation, lays he, purifies itſelf as it flows over the plain; fo 
that the precipitation muſt be greateſt on the parts neareſt to the margin of the 
river. 


314 
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an graſs; and other vegetables: nor does it eyer loſe. this. 
tinge, which 1s a. proof of the predominancy of the rain water | | 
over that of the river; as the flow rate of motion of the inun- 5 
dation (which does not exceed half a mile per hope). is of the ö 
remarkable flatneſs of the country. 8 
There are particular tracts of land, which, wb the nature ; 
of their culture, and ſpecies of productions, require leſs moiſ- 
ture than others; and yet, by the lowneſs of their fituation, 
would remain too long inundated, were they not guarded by 
dikes or dams, from ſo copious an inundation as would other- | 
wiſe happen from the great elevation of the ſurface of the river 
above them. Theſe dikes are kept up at an enormous expence; 
and yet do not always ſucceed, for want of tenacity in the foil , 
of which they are compoſed. 
During the ſwoln ſtate of the river, the tide totally * its 8 
effect of counteracting the ſtream; and in a great meaſure that 
of ebbing and flowing, except very near the ſea. It is not un- | 
common for a ſtrong wind, that blows up the river for any con- 
tinuance, to ſwell the waters two feet above the ordinary level 
at that ſeaſon : and ſuch accidents have occaſioned the loſs of 
whole crops of rice . A very tragical event happened at 
Luckipour + in 1763; by a ſtrong gale of wind conſpiring with 
a high ſpring tide, at a ſeaſon when the periodical flood, was 
within a foot and half of its higheſt pitch. It is ſaid that the 
waters roſe fix feet above the ordinary level. Certain it is, that 


* The rice I ſpeak of is of a particular kind ; for the growth of its ſtalk 
keeps pace with the increaſe of the flood at ordinary times, but is deſtroyed by a 
too ſudden riſe of the water. The harveſt is often reaped in boats. There is alſo 
a kind of graſs which overtops the flood in the ſame manner, and at a ſmall 
cliſtance has the appearance of a field of the richeſt verdure. 

+ This place is fituated about fifty miles from the ſea, 
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thbet Bets F 5 4 Conf. derable diſttict „With their REFE 6 
cattle, Were totally ſwept ay; and, to äggraväte their dif- 
treſß, — in a part of the” country which ea pre- 
duces a fingle tree f i diownitly man to eſcape to. 

— of every kind traverſe the — theſe. 
bound upwards, afailing the! x mſelves of a direct courſe and all 
water, at a ſeaſon when every | ſlream ruthes like a torrent. The 
wind too, which at this ſeaſon blows regularly from the ſoutli- 
caft *, favours their progreſs; s inſomuch, that a voyage, which 
takes up nine or. ten days by the courſe of the river when con- 
fined i its banks, is now effected in ſix. Huſbandry and 
grazing are. both fuſpe nded; and the peaſant traverſes in his 
boat, thoſe fields Vlc m another ſeaſon he was wont to 
plow; happy that the elevated ſite of the river banks place 
the herbage they contain, Marre his reach, en his cattle 
muſt periſh. * FO SONS 

e following is a table of che groves increaſe of the 

Ganges and ! its branches, according to obſeryations made ar 
| TOY nd Dacca. 8 885 
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In the firſt half of Auguſt 4 © 


32 8 | 14 3 


* Although in the gulf or bay of Bengal the monſoon blows from the S. S. W. 
and 8. W. yet in the eaſtern and northern parts of Bengal it blows from the S. E. 


or E. S. E. 
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"Tale. rather higher than uſual ; 4 | T6 that t we. may (5 3! feet for 
the medium of the increal Fe W 5 h 
"The inundation is nearly a at a Hand for — days preceiig 
the middle of Auguſt, when it begins to run off; for although 
great quantities of, rain fall in the flat countries, i during Auguſt 
and September, yet, by a partial. ceflation of the rains in the 
mountains, there happens a deficiency 1 in the ſupplies neceflary 
to keep up the inundation . The quantity of the daily-de- 
creaſe of the river is nearly in the following proportion: 
during the latter half of Auguſt, and all September, from 
three to four inches; from September to the end of November, 
it gradually leſſens from three inches to an inch and a half; 
and from November to the latter end of April, it is only half 
an inch fer day at a medium. Theſe Proportions muſt be un- 
derſtood to relate to ſuch parts of the river as. are removed 
from the influence of the tides ; of which more will be ſaid 
by and by. The decreaſe of the inundation does not always 
keep pace with that of the river, by reaſon of the height of 
the banks; but after the beginning of October, when the rain 
has nearly ceaſed, the remainder of the inundation goes off 
quickly by evaporation, leaving the lands highly manured, and 
in a ſtate fit to receive the ſed, after the ſimple operation of 
plowing. | 5 
There is a circumſtance attending the increaſe of the Ganges, 
and which, I believe, is little known or attended to; becauſe 
few people have made experiments on the heights to which the 


* have ſtated the middle of Auguſt for the period when the waters begin to 
run off; and in general it happens with more regularity than the viciſſitudes of the 
ſeaſons do, But there are exceptions to it; for in the year 1774 the rivers kept 
up for near a month after the uſual time. 
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Label f flood riſes in different places. The cireumſtande I 
allude to, is, the difference of the quantity of the increaſe (as 
expreſſed in the foregoing table) in places more or leſs remote 
from the ſea. It is a fact, confirmed by repeated experiments, 
that from about the place where the tide commences, to the ſea, 
the height of the periodical increaſe diminiſhes gradually, until 
it totally diſappears at the point of confluence. Indeed, this is 
perfectly conformable to the known laws of fluids : the Ocean 
preſerves the ſame level at all ſeaſons (under ſimilar circum- 
ſtances of tide) and neceſſarily influences the level of all the 
waters that communicate with it, unleſs precipitated in the form 
of a cataract. Could we ſuppoſe, for a moment, that the in- 
creaſed column of water, of 31 feet perpendicular, was conti- 
nued all the way to the ſea, by ſome preternatural agency : 
whenever that agency was removed, the head of the column 
would diffuſe itſelf over the Ocean, and the remaining parts 
would follow, from as far back as the influence of the' Ocean 
extended; forming a ſlope, whoſe perpendicular height would 
be 31 feet. This is the preciſe ſtate in which we find it. At 
the point of junction with the ſea, the height is the ſame in 
both ſeaſons at equal times of the tide. At Luckipour there 

is a difference of about ſix feet between the heights in the dif- 
ferent ſeaſons; at Dacca, and places adjacent, 14; and near 
Cuſtee, 31 feet. Here then is a regular ſlope; for the diſtances 
between the places bear a proportion to the reſpective heights. 
This ſlope muſt add to the rapidity of the ſtream ; for, ſup- 
poſing the deſcent to have been originally four inches per mile, 
this will increaſe it to about five and an half. Cuſtee is about 
240 miles from the ſea, by the courſe of the river; and the 
ſurface of the river there, during the dry ſeaſon, is about 80 
feet 
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feet above the. level of the ſea at high water . Thus far does 
the Ocean manifeſt its dominion in both ſeaſons : in the one by 
the ebbing and flowing of its tides; and in the other by de- 


preffing the periodical flood, till the ſurface of it coincides as 
nearly with its own, as the deſcent of the channel of the river 


will admit +. 
Similar circumſtances take place in the Jellin ghy, Hoogly, 


and Burrampooter Rivers; and, I ſuppoſe, in all others that 
are ſubject either to periodical or occaſional ſwellings. 

Not only does the flood diminiſh near the ſea, but the river 
banks diminiſh in the ſame proportion; ſo that in the dry ſea- 
ſon the height of the periodical flood may be known by that 
of the bank. | 

I am aware of an objection that may be made to the above 
ſolution ; which is, that the lowneſs of the banks in places 
near the ſea, is the true reaſon why the. floods do not attain ſo 
conſiderable a height, as in places farther removed from it, and 
where the banks are high; for that the river, wanting a bank 
to confine it, diffuſes itſelf over the ſurface of the country. In 


* 


* The tides in the River Amazons are perceptible at 600 miles above its 
mouth; but at an elevation of only go feet, according to M. pz condamine, It 
e mains to be told what the ſtate of the river was at the time of making the 
experiment; becauſe the land- floods have the effect of ſhortening the limits of the 
tide's way, | 

1 The Count pz Burrox has ſlightly mentioned this circumſtance attending 
the ſwelling of rivers; but imputes it to the increaſed velocity of the current; as 
the river approaches the ſea : which, fays he, carries off the inundation- ſo 
quick, as to abate: its height, Now (with the utmoſt deference to ſo great an 
authority) I could never perceive, that the current, either in the Ganges, or any 
other river, was ſtronger near the ſea than at a diſtance from it, Even if we 
admit an acceleration of the current during the ebb tide, the flux retards it in ſo 
confiderable a degree, as at leaſt to counter-balan.*® the effects produced by the 
temporary increaſe of velocity, 
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| anſwer to this, Ichall obſerve, that it, is proved; by: experiment, ; 

that at any given time, the quantity of the inoreaſe in different 
Places, bears a juſt proportion to the ſum total of the increaſe 
in each place reſpectively: or, in other words, that when the 
river has riſen three feet at Dacca, where the whole riſing 1 18 
about 14 feet; it will have roſe upwards of ſix feet and 3a 
half at Cuſtee, where it riſes 31 feet in all. 

The quantity of water diſsharged by the Ganges, in one 
ſecond of time, during the dry W is 80,000 cubic feet; 
but in the place where the experiment was made, the river, 
when full, has thrice the volume of water in it; and its mo- 
tion is alſo accelerated in the proportion of 5 to 3 ſo that the 
quantity diſcharged in a ſecond at that ſeaſon is 405, ooo cubic 
feet. If we take the medium the whole year through, it will 
be nearly 180,000 cubic feet in a ſecond. 


THE Burrampooter, which has its ſource from the oppoſite 
fide of the fame mountains that give riſe to the Ganges, firſt 
takes its. courſe eaſtward (or directly oppoſite to that of the 
Ganges) through the country of Thibet, where it is named- 
Sanpoo or Zanciu, which bears the ſame interpretation as the 
Gonga of Hindooftan : namely, the River. The courſe of it 
through Thibet, as given by Father DU HALDE, and formed 
into a map by Mr. DANVILLE, though ſufficiently exact for 
the purpoſes of general geography, 1s not particular enough to 
aſcertain the preciſe length of its courſe. After winding with 
a rapid current through Thibet, it waſhes the border of the ter- 
ritory of Laſſa (in which is the reſidence of the grand Lama) 
and then deviating from an eaſt to a ſouth-eaſt courſe, it ap- 
proaches within 220 miles of Yunan, the weſternmoſt province 
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of China: Here it appears, as if undetermined. whether to, 


attempt a paſſage to the ſea by the Gulf of Siam, or by. that of 


Bengal; but ſeemingly determining on the latter, it turns ſud- 
denly to the weſt through Aſſam, and enters Bengal on the 
north-eaſt. I have not been able to learn the exact place where 
it changes its name; but as the people of Aſſam call it Bur- 
rampoot, it would appear, that it takes this name on its enter- 


ing Aſſam. After. its entry into Bengal, it makes a cireuit 


round the weſtern point of the Garrow Mountains; and then, 
altering its courſe to ſouth, it meets the Ganges about 40 miles 
from the ſea. ert Gr: f SH 

Father bu HALDE expreſſes his doubts concerning the cont 
that the Sanpoo takes after leaving Thibet, and only ſuppoles- 
generally that it falls into the gulf of Bengal. M.D'anviLLe, 
his geographer, with great reaſon ſuppoſed the San poo and 
Ava River to be the ſame: and in this he was juſtified by the 
information which his materials afforded him: for the Burram- 
pooter was repreſented: to him, as one of the inferior ſtreams 
that contributed its waters the Ganges, and nat as its equal 


or ſuperior; and this was rufficient to direct his reſearches,, after | 


the mouth of the Sanpoo River, to ſome other quarter. The 
Ava River, as well from its bulk, as the bent of its courſe for 
ſome — above its a appeared. to him; co be a 


deſcribed as ſuch in his maps, the cntiiarity of which was. 
juſtly eſteemed as deciſive; and, till the year 1765, the Bur- 


rampooter, as a capital river, was unknown in Europe... 


On tracing this river in £765, I was no lets ſurprized, at AY 


ing it rather larger than the Ganges, than at its courſe previous 
to its entering Bengal. This I found to be from the eaſt; 
although all the former accounts repreſented it as from the 

north: 


% 


ide. $2.4. 


leaves the Nou Kian, in its courſe towards Ava; together with 
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north: atid this unexpected diſcovery ſoon led to enquities, 
which furniſhed me with an account of its general courſe to 


within r60 miles of the place where bu HAL DE left the San- 


poo. T could no longer doubt, that the Burrampooter and 


"Sanpoo were one and the ſame river: and to this was added the 


poſitive aſſurances of the Aſſamers, That their river came 
from the north-weſt, through the Bootan mountains.” And 
to place it beyond a doubt, that the Sanpoo River is not the ſame 
with the river of Ava, but that this laſt is the great Nou Kian 
of Yunan; I have in my poſſeſſion a manuſcript draught of the 
Ava River, to within 1 50 miles of the place where bu RALDR 


very authentic information that this river (named Irabattey by 
the people of Ava) is navigable from the 150 of Ava into the 
province of Vunan in China “. | 
The Burrampooter, during a courſe of 400 miles iowa 
Bengal, bears fo intimate a reſemblance to the Ganges, except 
in one particular, that one deſcription may ſerve for both. The 
exception I mean is, that, during the laſt 60 miles before its 
junction with the Ganges, it forms a ſtream which is regularly 
from four to five miles wide, and but for its freſhneſs might 
paſs for an arm of the ſea. Common deſcription fails in an 
attempt to cenvey an er idea of the ee of this 


magnificent * 8 


—— Scarce the meſs 
Dares ſtretch her wing o'er this enormous maſs 
Of ruſhing water ; to whoſe dread expanſe, 
Continuous depth, and wond'rous length of courſe, 


*The courſes of the Burrampooter and Ganges, as well | as that of the Ava 
River from Yunzan to the ſea, will ſhortly be deſcribed in a large ſheet map of 


Hindookan. 
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I have already endeavoured to er the finger breadth 
of the Megna, by ſuppoſing that the Ganges ance joined it 
where / the: Iſſamutty now. does; and that thew:jouit waters 
ſcooped: out ĩts preſent bed. The preſent junction of theſe two 
mighty -rivers below Lyckipour, produces: a body of running 
freth water, hardly to be equalled: in the old; henafphere, and; 
perhaps, not exceeded in the new: dt no fonms a gulf inter- 
ſperſed with iſlands, ſome of vhiehrival, 1 in azo and: fertility, 
our Iſle of Wight. The water at/orifinary timas 1s: bardly 
brackiſh at the extremities of theſe iſlands ; and, in the rainy 
ſeaſon, the ſea (or at leaſt tho ſurface of it) is perfectly freſh to 
the diftance of many leagues out. 
The Bore (which 1 is known to be a ſudden and abrupt influx 
of the tide into a river or Narrow ſtrait) . in the principal 
branches of the Ganges, and in the Megna; but the Hoogly 
River, and the paſſages tw een the iſlands and ſands ſituated in 
the gulf, formed by the confluence of the Ganges and Megna, 
are more ſubject to it than the other rivers. This may be 
owing partly, to their having greater embouchures in proportion 
to their channels, than the others have, by which means 2 
larger proportion of tide is forced through a paſſage compara- 
tively ſmaller; and partly, to there being no capital openings near 
them, to draw off any conſiderable portion of the accumulating 
tide. In the Hoogly or Calcutta River, the Bore commences at 
Hoogly Point (the place where the river firſt contracts itſelf) 
Vor, LXXI, . 
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an ann Account of; Sc. 
and is perceptible above Hoogly Town; and ſo quick is its 
motion, that it hardly employs four hours in travelling from 
one tb the other, although the diſtance is near 70 miles. At 
Calcutta, it ſometimes occaſions an inſtantaneous riſe of five 
feet : and both here, and in every other part of its track, the 
boats, on its approach, immediately quit the * and make 
* ſafety to the middle of the river. 

In the channels, between the iſlands in 8 mouth of the 
Megna, &c. the height of the Bore is ſaid to exceed twelve feet; 
and is ſo terrific in its appearance, and dangerous in its conſe- 
quences, that no boat will venture to paſs at ſpring tide. After 
the tide is fairly paſt the iſlands, no veſtige of a Bore is ſeen, 
which may be owing to the great width of the Megna, in com- 
pariſon with the paſſages between the iſlands ; but the effects 
of it are Wm —_ by the ſudden riſing of che tides. 
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X. Aſtronomical Obſervations on the Rotation of the Planets 
round their Axes, made with a View to determine whether the 
| Earth's diurnal Motion is perfectly equable. In a Letter from 

Mr. William Herſchel of Bath 0 William Watſon, M. D. 


F. R. S. 


Read January 11, 1781. 


SIR, Bath, October 18, 1780. 


HE various motions of the planet we inhabit ; the an- 
nual revolution in its orbit; the diurnal rotation round 
its axis; the menſtrual motion round the common center of 
gravity of the moon and earth; the preceſſion of the equi- 
noctial points; the diminution of the obliquity of the ecliptic ; 
the nutation of the earth's axis: in ſhort, every one of the 
motions that ariſe from the aftions of the ſun, moon, and 
planets, combined with the ſpheroidical figure- of the earth, 
and the projectile and rotatory motions firſt impreſſed upon it, 
have all been conſidered by aſtronomers, and their real and 
apparent inequalities inveſtigated. And to the great honour of 
modern aſtronomers it muſt be confeſſed, that no ſcience has 
ever made ſuch conſiderable ſtrides towards perfection in ſo 
ſhort a time as aſtronomy has done ſince the invention of the 
teleſcope. 5 

There is one of the motions of the earth however which, 
it ſeems, has hitherto eſcaped the ſcrutiny of obſervers; I 
mean the diurnal rotation round its axis. The principal reaſon 


Q 2 why 


116 . nenscunr's AMpnoimical Obſervations 
why this has not been looked i into, is probably the difficulty 
of finding a proper ſtandard to meaſure it by ; fince it is itſelf 
uſed as the ſtandard by which we meaſure all the other motions. 
We have, indeed, no cauſe to ſuſpect any very material perio- 
dical irregularity, either diurnal, menftrual, or annual ; for 
the great perfection of our preſent time-pieces would have diſ- 
covered any. conſiderable deviation from that equability which 
we have hitherto aſcnbed to the diurnal motion of the earth. 
And yet, it is not perhaps altogether impoſſible but that 
inequalities may exiſt in this motion which, in an age where 
obſervations are carried to ſuch a degree of refinement, may 
be of ſome conſequence. | | 
To ſhew how far time-keepers, though ever ſo perfect, are 
from being a proper, or at leaſt a ſufficient, ſtandard to exa- 
mine the diurnal motion of the earth by, I may aſk, whether 
it is probable, that any clock would have diſcovered to us the 
aberration of the fixed ſtars > And yet that aberration produces 
a change in longitude, and of conſequence in right aſcenſion, 
which cauſes an annual irregularity in a ſtar's coming to the 
meridian, which a time-piece, were it a ſufficient ſtandard, 
would foon have diſcovered, and which we might have attri- 
buted to an inequality of the earth's diurnal motion, had we 
not been acquainted with its real. cauſe. And if we were to- 
find out any apparent irregularity, acceleration, or retardation, 
ſhould we not much rather fuſpe& the clock than the diurnal 
motion? F may therefore venture to fay, that the aberration of 
the fixed ftars, though attended with the above mentioned con- 
{equence, would for ever have remained a ſecret to us, if it 
had not been found out by other methods than time-keepers. 
Now, if time-pieces do fail us in this critical caſe, where 


we ſtand in the greateſt need of their aſſiſtance, it is almoſt in 
, | vain 


— 


vain to expect any help from another quarter; for what mecha- 
nical movement on earth, or motion of the heavens, is there 
that can meaſure out ſuch equal portions of time as we require to 
compare the diurnal motion of the earth to? However, to pro- 
ceed, fince we have already great proofs that the diurnal motion 
of the earth is, if not perfectly equable, at leaſt more ſo than 
any other motion we are acquainted with, it will not appear 
abſurd to ſuppoſe the diurnal rotation of the other planets to 
be ſo likewiſe. This ſuggeſted to me the thoughts of eſti- 
mating the diurnal motion of one planet very exactly by that 
of another, making each the ſtandard of the other. In: this 
manner we may obtain a comparative view, by which future 
aſtronomers, if they ſhall hereafter be inclined to purſue the 
fubject, may be enabled to make fome eſtimate of the general 
equability of the rotatory motions of the planets. For if in 
length of time they ſhould. perceive ſome ſmall retardation in: 
the diurnal motion of a planet occaſioned by ſome reſiſtance of 
a very ſubtle medium in which the heavenly bodies perhaps 
move; or, on the other hand, if there ſhould' be found an 
acceleration from ſome cauſe or other, they might then aſcribe 
the alteration either to the diurnal motion of the earth, or to 
the gyration of the other planet,. according as: circumſtances, 

or obſerved phænomena, ſnould make one or the other of theſe 

opinions. moſt probable. 

Now, this method of comparing together i rotations 
of ſeveral planets, ſimple as it may appear; was not without 
ſome difficulties. In the firſt place it was evident, that the 
common account of their diurnal. motions *,. which makes that 
Venus ſpatio 23 horarum gyrationem circa axem ab occidente in orientem 
perficit. Mars fimilem rotationem, horis 24 min. 40 abſolvit. Macularum revo- 
lutionibus ſæpius obſervatis, Ds. cAssINI comperuit periodum Jovis circa pro- 
prium Axem eſſe horarum , minutorum 56. KEIL T, Aſt, Lect. V. of 
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of Jupiter 9 h. 56', of Mars 24 h. 40“, how true ſoever it 
may be in a general way, was much too inaccurate for this cri- 
tical purpoſe. The gyration of Venus was ftill leſs to be 
depended upon; being only noted to the hour without the 
minutes : it became, therefore, neceſſary to proceed to obſerva- 
tions of a more determinate kind. From what I had already ſeen 
of the rotation of the planets, I concluded, that Mars on ſeve- 
ral accounts would be the moſt eligible planet for my purpoſe : 
for the ſpots on Jupiter change ſo often that it is not eaſy, 
if at all poſſible, to aſcertain the identity of the fame appear- 
ance, for any confiderable length of time. Nor do the dark 
ſpots only. change their place, which may be ſuppoſed to be 
large black congeries of vapours and clouds ſwimming in the 
atmoſphere of Jupiter; but alſo the bright ſpots, though they 
may adhere firmly to the body of Jupiter, may undergo ſome 
apparent change of ſituation by being differently covered or 
uncovered on one fide or the other, by alterations in the belts. 
It will be ſeen hereafter, that I have obſerved the revolution of 
a very bright ſpot, not ſuſpected of any change of Ga, to 
be firſt, by one ſet of obſervations, at the rate of g h. 510 45%, 6; 
and afterwards, by another ſet immediately following at the 
rate of 9 h. 5o' 48”, 
As the principal belts on Jupiter are equatorial, and as we 
have certain conſtant winds upon our planet, eſpecially near 
the equator, that regularly, for certain periods, blow the ſame 
way *, it is eaſily ſuppoſed, that they may form equatorial 
belts by gathering together the vapours which ſwim in our 
atmoſphere, and carrying them about in the ſame direction. 
This will, by analogy, account for all the irregularities of Ju- 


* Sce Acta Eruditorum, 1687. Dr. fALLEY's Account of periodical Winds. 
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en the Notation of the Planets, &c. 119 
piter's' revolutions, deduced from ſpots on his ;diſk that may 
have changed their fituation ; for if we ſuppoſe the rotation of 
Jupiter, according to CASSINI, to be 9 h. 56', then ſome ſpots 
that I have obſerved muſt have been carried through about 60? 
of Jupiter's equator in 22 of his revolutions or days. This 
would certainly be a very great velocity in the clouds, which is, 
however, not unparalleled by what has happened in our own 
atmoſphere. l 1692 5 41 

But to return to my purpoſe : on the planet Mars we ſee. ſpots 
of a different nature; their conſtant and determined ſhape, as 
well as remarkable colour, ſnew them to be permanent and 
faſtened to the body of the planet. | Theſe will give the revo- 
lution of his equator to a great certainty, and by a great num- 
ber of revolutions, to a very great exactneſs alſo, Suppoſing 
then, that, by a method { ſhall hereafter deſcribe, we can de- 
termine whether à ſpot on the diſk of Mars is, or is not, in 
the line which joins. the center of the earth and the center of 
that planet, to half an hour's time with certainty (I believe 
ten or twelve minutes will be found. ſufficient for that pur- 
poſe), in this caſe we ſhall in 30 days have the revolution true 
to a minute; and, by continuing theſe obſervations for three 
months, we ſhall have it to 20% When we are ſo far certain, 
we can eaſily arrive to a much greater degree of exactneſs; for 
as we now can no longer miſtake a whole revolution, if we take 
the time of any particular ſpot's being in the line which joins the 
centers of the planets during one oppoſition of Mars, and take 
the ſame again at or near the next oppoſition, we ſhall have an 
interval of about 780 days, which will give the diurnal motion 
of that planet true to about 2/7. The next oppoſition will give 
it to one, and ſo forth; by which means, and by taking a proper 
number of ſuch periods, we may determine the rotation of 

Mars 
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it ſhould ſeem probable, that when the earth aſſumed the preſent 
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repelting therd} öſt probablyi become "5cquaintad"avith! ine 
EST Minüté har) der of oe — thi” have hitherto 
patfsFuktroticed®*" 4% {oo wt Hata' conic u. 1 n 
1ere is a certain 8 which would al mol urztrs & 
ſufß feion "that thete Ras been ſome retardatiot in the divenal 
motiof o the Sürth. The difference between the equatorial 
and | polar Gaatiieters of the earth, by actual meaſuretent, Has 
been found to be about 36 Englith | miles and g tenths 70 but, r 
a calculation Wherein the preſent rotation is made uſe of, it 
will only amouſit to about 33 müles and'9 tentiis: from which 
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| form, the diurnal rotation was ſomewhat! quicker than 1 ir is at 
Preſeut, by which means che centrifagal free bore" a greater 
gravity to kieh it is contrary, and 
thus occaſioned 4 higher elevation of the equatorial parts. But 


1 would not lay much ſtreſs upon this argument; for, in the eal- 


culation, it has been ſuppoſed, that the earth 1s nearly-of an 
equal denſity at the ſurface and towards the center; which it 
ſeems is not agreeable to ſomg late curious experiments and 
calculations that have been made under tke conduct of the 
Aſtronomer Royal upon the attraction of 4” mountain *, the 


the calculation repeated. If all the data could be exactly de- 


pended upoti; it would be practicable gun from the lan of 

he See Mr, apron Account of the Calculations nate from the beck and 
Meafures taken at Schehallien, in order to aſcertain the mean Denſity of the 
Earth, Phil. Tranſ 1778. 50 
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to find the centrifugal force required to produce that form, and 
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gravity, and the preſent rotation and given. form of the. earth, 


thence to ſhew what muſt have been its diurnal motion when 
it aſſumed the ſame. However, theſe are reſearches that in my 
preſent ſituation I neither have opportunity nor perhaps ability 
enough to inveſtigate properly ; and which, therefore, I hope 
ſome of our excellent mathematicians will think worth vrhile 
to look into. 

I ſhall now relate my obſervations on Jupiter and Mars. The 
teleſcopes. I uſed are of my own conſtruction; and are, a 
twenty-feet Newtonian refleftor, a ten- feet reflector of the 
ſame form, and a ſeven-feet reflector already mentioned in my 
paper on the mountains of the moon. My time I gained by 
equal altitudes taken with a braſs quadrant of two-feet radius, 
carrying a teleſcope which magnifies about 40 times; for the 
correction of altitudes taken of the ſun I uſed DE LA LANDE's 
tables. I kept my time by two very good pieces; one having 
a deal pendulum-rod, the other a compounded one of braſs 
and iron, both having a proper contrivance not to ſtop when 
winding up. The rate of going of my clocks I determined by 
the tranſit of ſtars, 


Obſervations on Jupiter in the year 1778. 


February 24. Clock 1' 10“ too ſoon. About 9 o'clock- I 
faw a bright belt « on one part of the diſk of Jupiter, fee tab. 
V. fig. 1. 

About 10 o'clock it was advanced as far as the center, fig. 2. 

11 h. The white belt ſtill more advanced, fig. 3. 

11 h. 250. It approached towards the edge of the diſk ; and at 
12 h. was extended all over, as in fig. 4. 
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torial belt nearly in the center, ſee fig. 11. 
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enough to be known, fig. 12. 


2 athens — ; 
3 za gh. I ſame bright ane 
butendoult over. 29 214 07 bali r 14 210} Iegutrn; 292 ot batt 01 
nog H. Todt is divided by darkiſhaſpat; ſituated nt ſomo 
ſtance fromthe centers us in ſig- 5 7 om) „ L oy 
"9h #"The fall Cre is advanced;a'litths} farther 
than the center, as in fig. 6.5 5 
0 h. 27. The pot is viſibly. adranced- a conſiderable. deal 
farther. 

March 2. 8 h. 2. The darkith ſpot, with ſome ——— in 
ts -ſhape;"is how in the middle of the diſk;: ſee fig. 7). 
March g. Io h. 340. The bright belt on the ſouth of the 
(flator ig how in the middle; that is to ſay, if a line be drawn 
perpendicular ee the - equatorial belt, and through IO 
the end öf theequatorialbett now touches it, fig. 8. | 
i h. 49% "The darkith ſpot, in which there has bu hs 
alteration fince yeſterday, ſeems now to be in the center, fig. 9. 
8 March 14. The elbck altered to true equated time; but the 
rate of going not changed, being well regulated. | 

& Th. 350% The ſpot is now in the center, but does not bow 
quite to fill the white belt; nor is it fo large and ee as it 


was before, fig. 10. 


April 7. 9 h. 31”. There are three dark ſpots 5 in "aw" equa- 
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April 12. 7 h. 500. The three dark ſpots are i in the center. 
The ſourthernmoſt of the three is nearly quite vaniſhed ; the 
ather two are alſo much fainter. They are, however, diſtinct 
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April 14 Clock 520 too late. Rena remarkable bright | 
ſpot in the equatorial belt towards the-north is in the center, 
ſee fig. 18. C00 10 = 0013110 7 1 

8 h. 58˙. The ſpot is a little paſt the center. 

April 19. Clock true mean tinte. 5 h. To”. Treis a bright | 
ſpot juſt now in the center, which) *frofn Its id r take to be 
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the ſame that was there April 14th , 41 
7 h. 20'. The ſpot. 1s viſibly afk tie center. a 
April 23. Clock hes true We 9%. 38“ The ſame bright 


ſpot 1s 1n the center. . 3 PIE” 

95,43“, It is. Paſt the c Ente. Memorang im, my time - 
piece may be depended upon ta a few Tecouds. 
It will not be amiſs to obſerve, d chat the fpors; ag well as a 
great many other pheyomenay Were \Fatehed, as they came on, 
paſſed over the center, and ond of off the dilk of Jupiter ; but I 
have only ſelected thoſe obſervatians that: were necalary to my 
preſent purpoſe, _ i 

Comparing together the obſervations-that were made in the 
year 1778, February 24th and Marth*3d," I we 69ralh an interval 
of 7 days 34 minutes kicking hy; 17 revolutions 
made by Jupiter on his axis, we have the time of one ſynodical 
revolution equal to 9 h. 54 5&',4% 3 Q 1191611 

The dark ſpot on February 2 a. obſerved ſome time bes 
fore, and alſo juſt after it was pat the center ; . therefore I have 


ſuppoſed it to be in * cemer abi fl. 28 © and we have, 
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And raking both ther; 2 TE 1 
April 14 8 48 52 51 
April 23 2 2 3 
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"Theſe 1 n are 815 ene that! it is evi- 


dent Jupiter i is not a proper plancyfſor; the crtieg}/purpoſe of a 
comparative view of the diurnal motions t Nor can ou great 


variety proceed from any INACCUTA oblexy $:, for 
übte dd Ax 797 01 100 
in my opinion, it is not well poſſi Idle to make a 1555 Lo In t 


fituation of a ſpot that thahaniquat — as five minutes 
of time. The obſervation of ne 5 $778. as made with 


a view to aſcertain this point, w hay i e Wund that five mi- 
nutes of time made a ſenſible difference in the ſituation of a 
ſpot when near the center. S £2 þ 0991S! 


If we reduce the ical Fevalutigns to to ſydereal ones, the 


reſult will be ſo little different from the above, that I have not 


chico bart? uf f - k- Ait an tn Mat By buipagtbn 
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about in the atmoſphere of Jupite® geßeraſly ſntizks an accelera- 

tion, or, which is the ſame thing; perfaxmdaty devolutions by 


degrees in leſs time than it dich ak f fiſts for the ee in 
1778 moved at the followin ruary 25. to 
March 2. in 9b. 5 D 3to daelliohu early the ſame; to 
March 14. in 9 h. 55 4”; from, . 2. * March 3. in 
gh. 55 40; to March 14. in hs 5 185 Ui From March 3. 
to March 14. in 9 h. 54 53”. 4 2 moved from 
April 14. to W 19. at the rate g hs rrlpy%: oto * 23. 

in 9 h. 51 24“; and frgm April 5 Nil 24. 1 in gh. 5048“; 

| all which is agreeable enough to the theory of equatorial winds, 
; ſince it may probably take up ſometitaebefereladþgreantabguire 
a fufficient velocity to go as faſt as hefe wihdb m blow. And, 
by the by, if Jupiter's ſpots ſhould be: obſeryèd in different 
parts of his year, and be found in Tome to be accelerated, in 
others to be retarded, it would-almoſt amount to a demonſtra- 
tion ot his monſoons And "their berisdtetl changes; but if his 
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Obſervations on Mars 1 in the year 1777. D rA. 
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bee reflector; power yoo. . 


April 8. 7 h. 30 . I obſerved two ſpots upon Mars, with a 
bright belt or partition between them. The db not very 
ll gefineg, ſes tab. YI..fig. 14+, , - 
9h. 30“ The ſpots are advanced, and more e ſpotted pos 
are viſible, fi g. 15. 

10 h. The revolution of Mars on his axis is now very. 
evident, fig. 1 6. ö 

April 17. Ten- feet Newtonian reflector 7 power | about 

211. 7 h. 50“. Mars appeared as in fig. 17. At 4 and 6 


there were two. bright ſpots, ſo lummous that they ſeemed to 
project beyond the diſk, At c and d there were two very dark 
ſpots, joined by a lefler black line in the middle, which 
however was croſſed at e and f by a very faint whitiſh partition. 
N 26. Ten- feet: reflector; power 211. 
5 The \ ſpots on the planet are very , and much 
5 a8 in fig, 18. | 
April #7» Ten- feet reflector; ; power 324. 3 
8 h. 40% The evening very fine: my teleſcope 1 in complet 
order. he Wars a8 in In bg. wt 
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ernst v5 m- Wer On ons 4 on. Mars in the year Fl 
May gth. Clock = too faſt ; * equal altitudes on the 
14th of April, and by t the X of a 1 is found to loſe 


1 ',45 per day. 
11 h. 1“ by the clock, 1 found che Wh X the ſpots on 


Mars as in figure 20; there 1 is a very. — dark ſpot not 
far from the center. 
11 h. 30%. The figures ate gone from the center. 
May 11. Clock 12” too faſt. a 
10 h. 187, The ſame ſpot that was viſible . 9. is on the 
diſk, the datkeſt place being intirely ſouth-eaſt of the center, 
ſee fig. 21. 
11h. 43“. The darkeſt part is almoſt arrived at the center, 
fg. 22. 
12 h. 17”. The dark pot! is with! its $ edge juſt near the center, 
4s in fig. 2 
May 1 3. Seven- feet reflector; Power 222. Clock 976 too faſt. 
11h. 26', Mars ſeems now fo be in the ſame ſituation he 
was the 11th, at 10h. 8”, | 
May 22. Clock 4“ too flow. 
33h, F. The a: of May 11th is not on the diſk ; but 
ſome other fainter ſpots are viſible. The air is full of vapours. 
June 6. The clock ſet by ten equal altitudes taken to-day, 
and by the tranſit of à Scorpii loſes 17 9 per day. What I have 
perhaps improperly called a tranſit is the occultation of a ſtar 
paſſing behind the perpendicular edge of a high building at 
about 40 yards diſtance, obſerved with a fixed teleſcope directed 


to the proce where 1t vaniſhes. 


10 h. 10“. The fame figure is 1 the diſk of Mars which 
was there April 8, 1777, at 7 h. 3o'. 


June 


* , * 


— Bhamebea: m9 
1 15. Clock 17 t too oe, 9 h. 45". The fame figure 1 18 
upon Mars Hat Wis there NM 9g: at RL 1. but it is more 
advanced. 4, (RR it to be the A and ini t 0 7 ſame de ſuua- 
| tion, 27. April 47 5777 at Th. 50“ 77 | fe, eg 2 Ys Ha: 
| June 30 Clock 20” flow. 8 . 
9h. 12“, The dark, ſpot on. Mars is rather more advanced 
than it was. May x1th, at 10h. 180 

10 h. The ſpot is viſibly advanced: 1 bre it will take 
near an hour to come to the center. 

10 h. 15. A very thick fog obſeures the thy. 

11 h. 15'. The fame darkneſs. | 

June 19. Clock 22% too > flow 14 the tranſit of 8  Scorpii oh 
ſerved this evening. 

8 h. 40'. The figure on the diſk of "EY appears now to be 
as it was April 26, 1777, at h. 55 ſee fig. 18. 

11 h. 3o'. The figure of May 11. which I have been hitherto 
watching, is not come to the paſition-it was then at 11 h. 4 : 
but cannot be far from it. I fear, as Mars approaches the hori- 
zon, I ſhall not be able to follow him till the figure comes to 
the center. 

11 h. 47'. The ſtate of the air near the horizon is very unfa- 
vourable. With much difficulty I can but juſt ſee that the 
figure is not quite ſo far advanced as it was May 11th, at 
11h. 43', but can n certainly not be above two or three minutes 
from it. 

11h. 51/. The undulation of the air prevents all further 
obſervation. 

Let us now examine the reſult of the above mentioned obſer- 
vations : comparing together the two following ſhort intervals 
of the year 1779, we have, 


Vol. LXXI. 8 From 


136 Mr. nenzentt's Afronomical Obſervations 


D. H. M. 8. 
From May 9 11 O 45 


to May 11 12 16 48 


— — — — r 


Divided by 2 revol. 2 1 16 3- 


15 


Gives 1 revolution = = 4b. „. 


A focond {mall interval. 
May 11 10 17 48 
* 3g 11 as ST Sr 


8 3 3 


1 revolution = 24h. 34 1½ 5. 


2 revol. 8 


— 1 — — 


Here we have two very ſhort intervals that agree to 4 , which 
is more than we OH have expected in ſuch ſhort periods of 


time. | 
Comparing — obſervations that were made at x greater 


diſtance, we find, 
Firſt monthly period, 
May 11 10 17 48 


- a. — 
= —_ = a —Y 
= = 


allowing 3“ becauſe the obf. ſays the 
J une 17 9 2 20 1 ſpot. was rather morc advanced... 


MM revol. 36 22 51 32 


1 revolution = 24h. 387 5%, 


Second monthly period, 
May 11 11 42 48 


ö ö allowing 3 for the time the ſpot would have 
p June I 2 11 N. 0 221 taken to come to the place mentioned. 


38 revol. m2 7 34 


1 revolution = 24 Bh. 38% 80 
e Third 


* 


* 


| a0 the me of the u e. 1 


| Third wk period, 


D. H. M. 8. 
May 13 11 25 $1 


June 179.929 
34 revol. 34 21 43 29 


4 revolution = - 24 h. 38 20”",3 


j 


This laſt is, perhaps, as likely to be near the truth as any, 
fince the ſame ſpot was here obſerved for the third time, and 
therefore its motion become more familiar. | * 
Here we have three longer periods that agree to fifteen 
ſeconds, which is quite ſufficient for extending the interval of 
time to thoſe obſervations that were made in the year 1777. 
But as theſe are the ſynodical revolutions, it will be — 
firſt to reduce them to ſydereal rotations. 

In figure 24. let us ſuppoſe the orbit of Mars, MABC, 
to be in the ſame plane with the orbit of the earth, Ebro; 
and the axis of Mars to be perpendicular to his orbit. Let 
M, E, m, e, be the ſituations of Mars and the earth on the 
13th of May and 17th of June; then will the line EM, that 
connects the centers of Mars and the earth, point out the geocen⸗ 
tric place of Mars on the 13th of May; and the line em, the 
geocentric place of the ſame planet on the 17th of June. Draw 
er and ms parallel to ER; then will er point out the geocentric 
place of Mars on the 13th of May ; and the angle sme 1s equal 
to the angle mer. Now, by an ephemeris “ the geocentric 
place of Mars, May 13. at 11 h. 26' was 71. 20 d. 59' 21”; 


* The Nautical Almanac gives the geocentric place of Mars only to every fixth 
day; for which reaſon I uſed warrte's Ephemeris, where it is given for every day, 
though perhaps not with ſo much exactneſs as I could wiſh. 


8 2 and 
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and on the 17th of June, at 9 h. 9“, it was 71. 12d. 27" 22”, 


. by which _= obtain- the difference or angle rem = ems = 
8 d. 31' 59“. 


Now a ſpot on Mars, tl 3 in the drechion ME, will have 
made a ſydereal revolution when it returns to the ſame, or a 
parallel direction ms. From which we gather, that the ſpot on 
the 17th of June, after coming to the line me, where it finiſnes 
the ſynodical revolution, will have to go through an arch of 
8 d. 31“ 59”, in order to arrive into the direction of the line 
ms, where it finiſhes the ſydereal rotation. The time it will 
take to go through this arch, at the ſydereal rate of 24 h. 39' 20“ 
to. 360 degrees, or, 4 109 per minute of a degree, will be 
35 3˙% 8; this being divided by the numbers of revolution 
3+gives 1' 1%ä8; which, added to 24 h. 38“ 20”,3, gives us 
24 h. 39 2271 for the ſydereal revolution of Mars, as found by 
the third of the monthly periods. This quantity will help us 
to find a proper diviſor for the three following long biennial 

It is to be obſerved, that Mars has been retrograde in the 
above example, for which reaſon the meaſure of the angle ems 
was to be added to the ſynodical revolution when we wanted to 
find the ſydereal rotation; but if he had been direct, or if his 
place had been more advanced in the ecliptic than that to which 
we compared it, as at n, then the line wo parallel to EM would 
be the direction to which the ſpot ſhould return, in order to 
accompliſh a ſydereal revolution, and therefore the quantity of 
the angle oue = per, or difference of the geocentric places ought 


to be ſubtracted from the ſynodical revolution to obtain the 
ſydereal one. 


* 


en the Rotation of the Planets, *. 


3 
Firſt biennial period, 1777, April 8 7 30 


1779, June 6 10 10 


789 2 4 


The geocentric places of Mars at thoſe times were, 
. 
6 6 31 26 


7 13 48 ” - 


——̃— 


17 17 4 


turned into time at 4 „109 per minute of a degree and ſub- 
tracted, becauſe Mars is more advanced in the ecliptic, is 


Divided by 768 rev. 789 o 6 48, 


2 revolution = = 24h. 39 230g. 


D. H. M. 8. 
Second biennial ak 1777, April 17 7 50 © 
Jana: 25; 9 45.27; 


%Y 


5 L77% 

| : 789 1 ix, 

8. * , H 
Geocentric places 6 3 31 27 

] 7 12 40 KB: 

j 1 9 '8 56 56 

t Turned i into time 789 IS FF. 

. and ſubtracted— 2 Mo 2 


768 revol. 788 23 14 25 


—ͤ — —„—-—-„—¼ — 


x revolution = 24 h. 39 18,94. 


Third 


131 Mr. ee Aftronomical Obſervathons 


D. H. M. . 
Third biennial period, 1777, April 26 9 5 © 


1779, Jane 19 8 2 22 


733 a3 $5.29 
| „ 1 ; 
Geocentric places 6 1 24 36 
7 12. 31 48 
OE | 


——_— 


Turned into time 0h 23 35 22 
and ſubtracted 2 1 i} oi 


763 revol. 783 2 20 50. 6,4 


2 revolution = = 24h. 39 230 "464+ 


As theſe three perhbds. are fopportil by obſervations of equal 
validity, I ſhall take a mean of them all for the neareſt approxi- 
mation to the true ſydereal revolution of Mars on his axis, 
which therefore is 24 h. 39 21/67. 

It remains now only to ſee how far we may depend upon this 
determination of Mars's diurnal rotation as coming near the 
truth; and looking over thoſe cauſes which may poſſibly pro- 
duce any errors, we find, firſt of all, that in the long biennial 
periods a miſtake in the number of revolutions would produce 
a conſiderable deviation from truth. Secondly, in the obſerva- 
tions of a ſpot which moves ſo ſlow, we are alſo liable to ſome 
conſiderable miſtake in eſtimating the time when it comes to a 
certain place; and the more fo, if that place is not the center. 
Laſtly, the time itſelf is liable to inaccuracy. 


3 „ at ä * J As 


en the Rotation of the Planets, &c. 135 
As to the firſt, it appears from the three monthly periods 
obſerved in the year 1779, when the proper allowances for the 
geocentric places are made, that the ſydereal revolution of Mars 
cannot well be lefs than 24 h. 39“ 5“, nor more than 
24 h. 39 22” ; but if we fhould divide any one of the three 
biennial periods by a ſuppoſed number of revolutions, only one 
more or one lefs than we have done, the difference would be fo 
conſiderable, that nothing but a miſtake in every one of the 
three monthly periods, of at leaft one whole hour, could juſtify 
ſuch a ſuppoſition ; and that ſuch a miſtake in the fituation of 
a ſpot on Mars cannot have been made in thoſe obſervations, I 
think, is evident enough from the exactneſs with which they 
were made, and from their agreement with each other. 

The ſecond cauſe of error, which is the uncertainty in 
aſſigning the exact time when a ſpot. comes to the center, is of 
ſome force. But it ſeems to me highly probable, from the 
manner in which I have ſeen the ſpots on Mars. paſs over the 
diſk of that planet, that there can hardly be ſo great an error 
as 10“ in an obſervation of any remarkable ſpot's coming to 
the center. However, not being willing to- truſt more to the 
eye than I ought to do, I had recourſe to the following experi- 
ment. I drew ſeveral circles of one inch radius, taking care to 
make no viſible impreſſion of a center; and placed in each a 
fine point at the ſeveral diſtances of . 0424, . 0636, . 0848, in ten 
thouſands of an inch from the real center; ſome to the right, 
others to the left. Theſe meaſures are the ſines to radius one, 
of 25 26“, 3* 39“, and 4 52“, which are the arches a ſpot on 
Mars paſſes over in 10, 15, 20“ minutes reſpectively. I ex- 
poſed them to ſeveral perſons unacquainted with my deſigns, 
and found, that not one of them made a ſingle miſtake in ſay- 
ing whether the point was, or was not, in the center of the 

Circle, 


— — | 
—_ = —— 222 
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circle, and which way it deviated from it. As the direction of 
the motion of a ſpot on Mars is known, I thought the perſons 
who were to judge of the place of the points were intitled to 
be acquainted with the line in which they were placed, which 
for that reaſon was always to the right and left only; 'The 
points that anſwer: to the excentricity of 1 5 and 20' are indeed 
ſo viſibly out of the center, that I believe we may ſafely ſay, 
that auy miſtake, in eſtimating the time of a ſpot on Marg 
coming to the center, cannot well exceed a quarter of an hour 
at the outſide. 

As for the third and laſt occaſion of error, the time itſelf, 1 
believe my manner of obtaining and keeping it in the year 


1779 will appear fatisfaftory, and may, I think, be depended 


upon to a few ſeconds ; but the obſervations of the year 1777, 
indeed, are far from having the ſame advantage. I was not 
then provided with an altitude inſtrument, therefore ſet my 
clock by a good ſun-dial, with the equation of time contained 
in the Nautical Almanac, and found it to agree generally to a 
minute or two with the time calculated for the eclipſes of Ju- 
piter's firſt ſatellite, as I deduced it for Bath from the Nautical 


Almanac. However, it was certainly liable to an error of 


ſeveral minutes; therefore, allowing no leſs than 107 for the 
clock in 1777, and 20' for an error in eſtimating the ſituation 
of a ſpot in 1779, it will both amount to half an hour: then, 


if we take a mean of the three numbers, whereby we have 


divided the three biennial periods, we have 7662 ; and half an 

hour, divided by 766;, will therefore give us the quantity to 

which, it ſeems, can amount, all the uncertainty in the ſydereal 

diurnal rotation of Mars, which is 2/', 34. 

A nearer approximation to truth I hope to obtain at the next 

oppoſition, which will happen about the middle of July 1781. 
6 I have 


1 * p - - 4 * 4 
N „ 
. 
: 
- 


os OY — the: Plater; 


W 0 —_ 
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1 have ventured to calculate the times for that oppoſition, 


when the edge of the remarkable dark ſpot will be ſeen 
near the center, as it is in figure 2 3, or, which is the ſame 
thing, as it was the 11th of May 1779, at 12h. 177. The 
ſpot not being viſible at the time of the oppoſition, I have taken 
the neareſt period, before and after, in which it will paſs over 
the diſk. There is, however, a circumſtance which may make 


drawn, even though the rotations ſhould perfectly anſwer as to 
the times ; for the poſition of the axis of Mars being ſtill in 
ſome meaſure unknown, I could make no allowance for a 
change, which a difference in the ſituation of no leſs than two 
ſigns may occaſion, though in all probability it will not be 
very conſiderable. 

Thoſe who are provided with proper teleſcopes will have an 
opportunity to ſee how far the calculated times agree with the 
ſpot's appearance ; and it is by this means alſo hope to correct 
and improve the tables I have drawn up for this purpoſe, and 
further to approximate to a true a of the gyration of this 
planet. 


Greenwich and this place, I have calculated the ſpot's ap- 
pearance for the meridian of Bath. From an eclipſe or 
two of Jupiter's fatellites, of which, by the favour of the Rev. 
Mr. Hon NsBVY, I have ſeen. correſpondent obſervations, I ſup- 
poſe the difference cannot be much leſs than g' weſt of Green- 
wich; and at the ſame time I join an account of the ſolar 
eclipſe of the 24th of June 1778, which may be depended 
upon as a very compleat obſervation, and may ſerve to aſcer- 
tain the longitude of this place. 
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the appearance of the ſpot not quite ſimilar to the figure I have 


Not knowin g the exact reaps of meridians - between 


þ 4 4 
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| 15 * "i rare of the fun cblerved at Bak.” 

| | mw! MI @ 1 0792 
| ; Ft = OSD OY 
ql as <2: ; Ie vs 2 2 
1 - Bagkintog by . or mean 3 30 10,7 

| * 3 3 * 7,7 

4 Calculations, or (as the principles on which they are founded 
4 are ſtill eſtabliſhed upon a few obſervations only, and require 
1 ſome time for mature confirmation) J would rather, if I 


0 might be allowed the expreſſion, call them calculated con- 
I jectures of the times when the remarkable dark ſpot will (oo 
5 ſeen near the center of the diſk of Mars. 
1 For June, July, and Auguſt, of the year 178 1. 
ii H. M. s. 
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'OÞ a great many c curious is parts of the creation 1 met with 
aon my. travels, in that almoſt unknown diſtrict of Africa 
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called Guinea, the TERMITES, which by moſt travellers have 
been called. ygurrs ANTS, ſeemed to me on many acqounts: 
molt worthy, of that exact and minute attention he I have 
beſtowed upon them. PEN 920018 
The amazingly great and ſadden achter has, e 
5 to the property of people 1 in tropical climates, makes ww; 
well knowng nd greatly feared by the inhabitants. 
The ſize, and. figure of their buildings have 8 = 
notice of many travellers;. and yet the world has not hitherto- 
been furniſhed with a tolerable deſcription; of them, though 
their contrivance and execution ſcarce fall ſhort of human ge- 
nuity and prudence.; but when, we come. ts confider the wons: 
derful oecongmy. of, theſe, inſects, with the good order of their 
lubterraneous cities, they, Will appear foremoſt On the liſt of the 
wonders of the. cxeation, as. moft cloſely. imitating mankind i in 


provident induſtry and regular government, 
1 


f 


You 


Ms * | 4 


. % a 


Me. $MEATHIAN'S Account of 
| 'You had barely time to ſee and to admire ſome of their 
buildings in New Holland, and have been pleaſed to ſay, you 
think an accurate account of them would meet a faveurable 
teception from the Royal Society. That which I now have the 
honour. to preſent to you, is accurate and faithful as far as it 
goes. I have kept as cloſe to my ſubject as was in my power, 
without being obſcure, or falling ſhort of my intention ; and 
though I have given only the heads of what I eould draw from 
my memorandums on the ſubject, they will probably be found 
ſufficiently deſcriptive and hiſtorical for the bounds of a letter. 

The ſagacity of theſe little inſects is ſo infinitely beyond 
that of any other animals I have ever. heard of, that it is poſſi- 
ble the accounts I have here communicated would not appear 
credible to many, without ſuch vouchers and ſuch corroborating 
teſtimony as I am fortunately able to produce, and are now 
before you. There are alſo many living witnefles in England 
to moſt of the extraordinary relations that I have given, fo that 
I hope to have full credit for ſuch remarks as no one but myſelf 
has probably had time and opportunities enough to make, and 
which are not ſuſceptible of Aan, __ in thoſe 
places where the inſects are found. 

Such as they are, I beg leave to 117 them, with all diffidence 

and humility, before you and that illuſtrious Body of which 
you are Preſident; and if they ſhould in a ſmall degree meet 
with approbation, I ſhall be exceedingly ſatisfied. 

Theſe inſefts are known by various names. They belong to 
the TERMES of LiNNzvs, and other fyſtematical naturaliſts. 


In the windward parts of Africa they are 
I called Bugga Bugs. 

By the Engliſh, bags the Weſt Indies, Wood Lice, Wood Ants | 

or White Ants. 


By 


1 * — „ 
v% 


the Termites ww Attica 4 other Hor Climates, ht 

e At Senegal, Vague-Vagues.” e Ran 

N rench, 5 the Weſt Indies, Pour de Boi or Fur. 

mis Blanche. 

By th Bolms, or Sherbro people, in Africa, Scant. 

By the Portugueze in the Brazils, Coupe or W from 

their cutting things in pieces. 0 

By this latter name and that of Piercers or Eaters, and gent.” 

lar terms, they are . in various * of the tropical 

regions. 

The followin g are the f cific eder, given by Dr. 

SOLANDER, of ſuch inſects of this genus as I Have obſerved and 

collected. 

I. TERMES Bellicaſus corpore fuſco, alis fuſceſcentibus: coſta 
ferrugineã, ſtemmatibus ſubſuperis oculo ann runcto 
central: prommulo. 

2. TERMES mordax nigricans, antennis pedibuſque teſtaceis, 

alis fuliginofis: : area marginali dilatata : coſta nigricante, 

ſtemmatibus inferis oculo approximatis, puncto centrali 
impreſſo. | 

3- TERMES atrox nigricans, ſegmentis abdominalibus mar- 
gine pallidis, antennis pedibuſque teſtaceis, alis fuligi- 

noſis: coſt nigra, ſtemmatibus err — centralr 

impreſſo. 

4. TERMES  deflruttor nigricans; abdominis linea laterali late3,- 
antennis teſtaceis, alis hyalinis : coſt luteſcente, ſtem- 

matibus fubſuperis, puncto centrali obliterato. 

5. TERM ES arborum corpore teſtaceo, alis fuſeeſcentibüs: 3 
coſtã luteſcente, capite ' nigricante, ſtemmatibus inferis 
oculo approximatis, puncto centrah imprefſd. 

The Termites are repreſented by Linnzvs as the greateſt 


plagues of both Indies, and are indeed every way between the 
* | Tropics 
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loſſes chich are.experiencedanconfequence, p! their carigg rand 
kinds of houſehgld-ſtuff and merchandize, which. are totally 
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. ſo deemed, . from the aſt damages they cauſe, and the 


rniture, with all 


perforating wooden buildings, utenſils, and 


3 


deſtroyed by them, if not timely prevented; for nothing deſs 
hard than metal or ſtone can eſcape their moſt deſtrufaye,; HW] s. 
- They have been taken notice of by vaziaus. travellers in gif- 


ferent parts of the torrid zone 3; and indeed chere numerous, a8 
is the caſe in all equinoctial countries and iſlands that are not 


tulty cultivated, if. a perſun has not been 1ncited by curioſity to 
obſerve them, he muſt have been very fortunate who, after a 


ſhort ee, has not been compelled to it for the ſafety of 


his property... --; IE. , 
Theſe inſects Sai 3 ebe che x name, th 1 it 
may be preſumed, from the ſimilarity | ur their manner of liv- 
ing, which is, in large communities that erect very , extraordi- 
nary. neſts, for the moſt part on the ſurface af the ground, from 
whence their excurſions are made through ſubterrancous paſſages 


+ ww a a4 


or covered galleries, which they build whenever neceility 


abliges, ot plunder induces, them to march above, ground, Aud 
at @ great diſtance from cheir babitations di m a buſineſs of 
depredation aud 9 
have ſeen it. But — they 3 in eee 
and. are like the ants omnixorous ; though like them at a.certgin 
period they are furniſhed with four wings, and, emigrate or co- 
lonize at the ſame ſraſon; they are by no means the, ſame kind 
of inſects, nor does their form correſpond wich that of Anta in 
an one ſtate of their exiſtenca, which, 1 Hg etberipſedts, 
is changed ſevggal times. 5 
The Termitęs geſemble the Ants * in 1 STS atand 
Qligeat labguyg ut ſurpaſs them as well as the Bees, Waſps, 


52401 3 | | Beavers, 


„0 


"the be Tertyitong A es other bor Climater.. hd 
Beavers, an and all other an nimals Which I have ever heard of, an 
the arts of building, as much as the Europeans excel the leaſt 
cultivated favages. It is more than probable they excel them. 
as much in ſagacity and the arts of government; it is certain 
they ſhew more ſubſtantial inſtances of their ingenuity. and 
induſtry than any other animals; and do in fact lay up vaſt maga- 
zines of proviſions and other ſtores; a degree of prudence 
which has of late years.been denied, pervaps without reaſon, to 
the Ants ©. 

Such however are the extraordinary circumſtances tend 
their oeconomy and. ſagacity, that it is difficult to determine, 
whether they are more worthy of the attention of the curious 
and intelligent part of mankind on theſe accounts, or, from 
the ruinous conſequences of their depredations, which have 
deſervedly procured them the name of Fatalis or Deftruttor.. 

As this is the caſe, it is a little ſurpriſing that an accurate 
natural hiſtory of theſe wonderful. inſects has not _ been 
attempted long fince ; eſpecially as, according to BosMAN (who: 
wrote the beginning of this century) in his deſcription of the 
Coaſt of Guinea, ſome curious cicumſtances relative to them 
muſt have been known. According to that gentleman, the 
King was ſuppoſed to be as large as a Cray-fiſh (). This, though 
a bad compariſon, is, pretty near the truth in reſpect to the ſize 
of the female, who is the Common Mother of the communny; 


() Though Ants have no occaſion to lay up ſtores for winter in cold climates, . 
they certainly muſt and do carry great quantities of proviſions into their neſts to 
feed the young brood; and moſt probably provide ſome before hand for fear of 
accidents, which might be fatal to the young ones, who, like all inſects in the 


caterpillar ſtate, are very voracious, and cannot bear diſappointments of long 
duration, : 


2) yos8MAn's Guinea, p. 260. 
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- are generally the common parents of the whole, or greater part; 
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and, F g to the mode we have 2dopted from time i imtne⸗ 
morial in ſpeaking of Ants and Bees, the QUEEN... 
Theſe communities confiſt of one male and one : female (who 


of the reſt), and of three orders of inſects, apparently of very 
different ſpecies, but really the ſame, which together compoſe 
great commonwealths, or rather monarchies, if I may be al- 
{owed the term. 

The great LINN us, having ſeen or beard of but two of 
theſe orders, has claſſed the genus erroneouſly ; for he has placed 
it among the Aptera, or inſets without wings; whereas the 
chief order, that is to ſay, the inſect in its perfect ſtate, 
having four wings without any ſting, it belongs to the 
Neureptera ; in which claſs it will conſtitute a new genus of 
many ſpecies). 

The different ſpecies of this genus reſemble each Ae in 
form, in their manner of living, and in their good and bad 
qualitres : : but differ as much as birds in the manner of build- 
ing their habitations or neſts, and in the choice of the mate- 
rials of which they compoſe them. 

There are ſome ſpecies which build upon the ſurface of the 
ground, or part above and part beneath, and one or two ſpecies, 
perhaps more, that build on the ſtems or branches of trees, 
ſometimes aloft at a vaſt height. | 


(3) T have no doubt, from the account and figures given of the European 
Termes Pulſatorius, or Death Watch, by the illuſtrious BARON DE GEER, in his 
ſeventh volume of Memoires pour ſervir @ Þ Hiſtoire des Inſectes, that in their 
perfect ſtate they have wings, and ſwarm or emigrate, and live in a manner analo- 
gous to thoſe of hot climates; for they ſeem to have quite the external form of 
the exotic Termes, that is to ſay, of the firſt and third order. oE GEER, Me- 
moires, tom. VII. p. 45. pl.IV. fig. 1, 2, 3, & 4. 
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He Tenia ING ines, SY | 
Of every ſpecies there are three orders; firſt, the working 
Anſocts, which, for brevity, I all generally call labourers, 
next the fighting ones, or foldiers, - which do no kind of 
labour; and, laſt of all, the winged ones, or perfett inſets, 
which are male and female, and capable of ro 
Theſe might very appeſitely be called the nobility or gentry, 
for they neither labour, or toil, or fight, being quite incapable 
of either, and almoſt of ſelf-defence, Theſe only ace capable 
of being elected kings or queens ; and nature has ſo ordered it, 
that they emigrate within a few weeks after they are elevated 
to this ſtate, and either eſtabliſh new kingdoms, or periſh 
within a day or two. 

The Termes. bellicoſus being the largeſt {ſpecies is moſt re- 
markable and beſt known on the Coaſt of Africa. It eres 
immenſe buildings of well-tempered clay or earth, winch art 
eontrived and finiſhed with ſuch art and ingenuity, that we are 
at a loſs to ſay, whether they are moſt to be admired or that 
account, or for their enormous magnitude and ſolidity. It is 
from the two lower orders of this, or a ſimilar ſ. pecies, that 
LINNAUS ſeems to have taken his deſcription: of the Terines 
Fatalis; and moſt of the accounts brought home from Africa 
or Aſia of the white Ants are alſo taken from a ſpecies tha 
Are ſo much alike in external habit and ſize, and build ſo much 
in their manner, that one may almoſt venture to pronounce 
them mere variations of the ſame ſpecies. 
 Thereaſon that the larger Termites have been moſt remarked 
is obvious; they not only build larger and more curious neſts, 
but are alſo more numerdus, and do infinitely more miſchief to 
mankind. When theſe inſects attack ſuch things as we would 
not wiſh to have injured, we muſt conſider them as moſt perni= 
cious; but when they are employed in deſtroyitig decayed trees 
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pry Ms which. only incumber the ſurface of the earth, 
they may be july ſuꝑppoſed very uſeful, and for the reaſon tha 

they are iti dne ſenſe. moſt pernicious, they are in the othermoſt 
uſeful, In thisrefpe& they refemble very much the common Flies, 

which: are regarded. by mankind i in general: as noxious, and at 
beſt as uſeleſo beings in the ereation; but this is. certainly for 
warlt of conſideration. "Fhere are not probably in all nature 
Saimals.of more importance, and it would not be difficult to- 
Prove, that we ſhould feel the want of one or twa. ſpecies. 
of large quadrupeds, much. leſs than of one or two ſpecies 
of theſe defpicable-looking inſects. Mankind in general are 
ſenſible that nothing is more diſagreeable, or more peſti- 
ferous, than putrid ſubſtances 3 and it is apparent te all 
who have made obſervation, , that thoſe little inſects contri- 


| bute more te the quick diſſolution and diſperſion. of pu- 


treſeent matter than any other. They are ſo neceſſary in all 
hot climates, that even in tlie open fields a dead animal or 
ſmall putrid ſubſtance cannot be laid upon the ground two mi- 
nutes before it will be covered with Flies and their Maggots,. 


which inſtantly. entering quickly devour one part, and per- 


forating the reſt in various directions, expoſe the whole to be 
much ſooner diſſipated by the elements. Thus it is with the Ter- 
mites; the rapid vegetation in hot climates, of which no idea can 
be formed by any thing to be ſeen in this, is equalled: by: as great: 
a degree of deſtructiom from natural as well as accidental cauſes... 


It ſeems apparent, that when any thing whatever is arrived 
at its laſt degree of per fectieu, the. Creator has decreed it ſhall. 


( The Guinea graſs, which is ſo well known; and ſo much eſteemed by our 
planters in the Weſt Indies, grows in Afriea thirteen feet high upon an average, 
which height it attains. in abaut five or fix. months.; and the growth of many other 
NMants is as quick. 

be 


the Terraites of Africa aud other bot elimates. way 
Pe totally deſtroyed as ſoon as poſlible, that the face of nature 
may be ſpeedily adorned with freſh productions in the bloom of 
ſpring or the pride of ſummer: ſo when ttees, and even woods, 
are in part deſtroyed by tarnadoes or fire, it is wonderful to ob- 
ſerve, how many agents are employed in haſtening the total 
diſſolution of the reft © ; but in the hot climates there are none 
ſo expert, or wha do Ar buſineſs ſo expeditiouſly and effectually, 
as theſe inſects, who in a few weeks deſtroy and carry away the 
bodies of large trees, without leaving a particle behind, thus 
clearing the place for other vegetables, which ſoon fill up every 
vacancy; and in places, where two or three years before there 
has been a populous town, if the inhabitants, as 15 frequently 
the caſe, have choſen to abandon it, there ſhall be a very thick 
wood, and not the veſtige of a poſt to be ſeen, unleſs the wood has 
been of a ſpecies which, from its hardneſs, is called iron wood.” 

My general account of the Termites is taken from obſerva- 
tions made on the Termes bellicoſus, to which I was induced by 
the greater facility and certainty with which they could be made. 

The nefts of this ſpecies are fo numerous all over the ifland 
of Bananas, and the adjacent continent of Africa, that it is 
ſcarce poſſible to ſtand upon any open place, fuch as a rice 
plantation, or other clear ſpot, where one of theſe buildings 
is not be ſeen within fifty paces, and frequently two or three 
are to be ſeen almoſt clofe to each other. In ſorne parts near Se- 
negal, as mentioned by Monſ. aDansow, their number, mag- 
nitude, and cloſeneſs of fituation, make them appear like the. 
villages of the natives (): and you have yourſelf ſeen them 
perhaps fill more numerous, though not * large, in New 
Holland.  "*Fhefe 


(5) See STILLINGFLEET's Tracts. 

(6) 4% But of all the extraordinary things I obſerved, nothing firuck me more 
6 than certain eminences, which, by their. height and regularity, made me take 
U 2 Wh 3 « them 
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0 11 Ap. eee Account of ; 
- 'Theſs buildings are uſually termed hille, by natives as well 


28 ſtrangers, from their outward: appearance, which is that of 
little hills more er leſe eonieal, generally pretty much in tho 
form of ſugar loaves, and about ten or twelve feet in perpen- 
dicular height above the common lurface of the ground GO . 
tab. 2 W's be. | 
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| « them. at a difiance for an aſſemhlage of 'negroes hu: 0»a:confiderable village, 
% and yet they were only the neſts of certain inſects. They are round pyramida 
* from eight te. ten. feet high, upon. nearly the ſame. baſe, with a ſmooth. ſurface 
« of rich clay, exceſſively hard and: well built.” apatnsox's Voyage to Senegal, 

| $80, p. 353—337+. Voyage de Senegal, 4to, g. 83 and 99. 

Note. What Mr. Abaxsox ſays of the opening which gives ingreſs and regreſs 
is manifeſtly a.miſtake,. arifing. from the natural conchufion that thoſe taſefts had 
ſome way out and in; to. their neſts, without examining where. it was. It will 
| appear by this account, that they have many thouſand ways. out. and in, but alt 
| | ſubterraneaus.. 

I O Joan, in his Hiſtory of Gambia, ſays, „ The Ant hills are remarkable 
| « caſt up in thoſe. parts by Piſmires, ſome of them twenty foot in height, of | 
4 compaſle to:contayne a- dozen men, with. the heat of the ſan baked into that 

* hardneſſe, that we uſed. to-hide. ourſelves in the ragged toppes of them, when 
4 we took up ſtands ta ſhoot at deere. or wild beaſts.” PURCHAS'S: Pilgrims, vol. 

II. p. 17e. 

The Ants make neſts of the earth about twice. 1b. Wb of a man. 

1 posman's Deſcription of Guinea; p. 276—493. by 
% The labourers are net quite a quarter of an ine in length; however,, for 
the ſake af. avoiding fractions, and of comparing them and their, buildings with 
thoſe af mankind more eafily,, I eſtimate their length or height ſo much, and 
the human ſtandard of length or height, alſo to avoid fractions, at fix feet, which 
is likewife above the height of men. If then one labourer is = to one - fourth of 
| an inch = to- fi feet, four- labourers. arg —-to one inch in height =: 24 feet, 
| ahich multiplied by 12 inches, gives the comparative height of a foot of theit 
building 288 feet af the building of men, which multiplied by 10 feet, the. ſup- 
Poſed average height of one of. their neſts is 2 2880 of our feet, which is 240 feet 
marc than half a mile, or near five times the height of the great pyramid; and, as ig 
10 
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high 3 but in 
compoſed becomes fertilized by the genial power of the ele- 
ments in theſe prolific climates, and the addition of vegetable 
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' Theſe hills continue quite bare until they are fix or eight feet 
time the dead barren clay, of which they are 


falts and other matters brought by the wind; and in the ſecond. 
or third year, the hillock, if not over-ſhaded by trees, becomes, 
Jike the reſt of the earth, almoſt covered with graſs and other 
plants; and in the dry ſeaſon, when the herbage 1 is burnt up 
by the rays * ** n, it is not much unlike a very large 
hay-cock (0). 
Every one of theſe buildings conſiſts of two diſtinct parts, 
the exterior and the interior. 
The exterior is one large ſhell in the manner of a dome; 
large and ſtrong enough to incloſe and ſhelter the interior from 
the viciſſitudes of the weather, and the inhabitants from the 
attacks of natural er aceidental enemies. It is always, there · 
fore, much ſtronger than the interior building, which is the 
habitable- part di divided with a wonderful: kind of regularity and 
contrivance into an amazing number of apartments for the 
os of the king and queen, and che nurſing of their nu» 


1s proportionably wide at the baſe, a great” many times its ſolid contents. If t to this 
compariſon we join that of the time in which the different buildings are erected, . 
and con ſider the Termites as raifing theirs in the courſe of three or four years, the 
immenſity of their: works ſets the boaſted magnitude of the atitient wonders of. 
the world in: a moſt diminutive point of view, and gives a ſpecimen of induftry 
and enterprize as much. beyond. the. pride. and: ambition of men as St. Paul's 
Cathedral exceeds an Indian hut. 

(10) See a frgure of one of: thoſe neſts in sa Nox's Univerſal Traveller, in the 4 
map of Gambia, where it is called a Piſmire Hill: there is alſo a figure of: one 
of the labouring inſects; but as the hill'is repreſented below all proportion; and 
the inſect rather larger than liſe, it gives no idea of the building. I have not been 
able to. find out from what. author SALMON took this fi gure; and it is the only one 
Thave met with. 
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well filled with ſtores and proviſions. 


| Mr.9MBATHMAN's Arcount of | 
merous progeny ; 3 or for magazines, which are aways * 


I thall forbear at this time entering inte a very minute 
account of the anfide.of theſe wonderful buildings, as the bare 
recital might appear tedious; though I flatter myſelf, that 
when I have an opportunity of communicating it te the publick 
at large, the readers will follow me through an exact deſcrip- 
tion of them with pleafure. 

Theſe bills make their firſt appearance above ground by x 


| little turret or two in the ſhape of ſugar loaves, which are run 


foot high er more (. Soon after, at ſame little diſtance, 
8 


avhile the former are increafing in height and ſize, they raiſe 


others, and ſo go on ĩnereaſing the number and widening them 
at the baſe, till their works below are covered with theſe 


4 turrets, which they always raiſe the higheſt and largeſt in the 
middle, and by filling up the intervals, between each „ 


collect them as it were intq one dome, wy 

They are not very curieus or exact about theſe a ex- 
cept in making them very ſolid and ſtrong, aud when by the 
junction of them the dome is compleated, for which purpoſe 
the turrets anſwer as ſcaffolds, they take away the middle ones 
entirely, except the tops {which joined together make the 
crown of the .cupola). and apply the clay to the building of the 
works within, ar to erecting freſh turrets for the purpoſe of 
raiſing the billack till higher; ſo that no doubt ſome part of 
the clay is uſed ſeveral times, like the boards and poſts of 2 


malſon's ſcatield. 


i) Same of cheſe turrets are repreſented in the view of thair hills, (tab. 
VII. $g.3. U I hae ſeen turrets an the 4 of theſe neſis four or five feet 


h (tab, VII. figs 1. Ap à. ** 9 
_ | Whep 
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When theſe hills are at about little more than half their heig ht, 
it is always the practice of the wild bulls to ſtand as centinels pon 
them, while the reſt of the herd is ruminating below (tab. 
VII.) . They are ſufficiently ſtrong for that purpoſe, and at their 
full height anſwer excellently as places to look out. I have 
been with four: men on the top of one of. theſe hillocks.. 
Whenever. word was brought us of a veſſel in fight, we imme-- 
diately ran». to ſore Bugga. Bug hill, as they are called, and 
elambered up to get a good view, for upon the common ſurface 
it was ſeldom. poſſible to ſee over the graſs or plants, which, in 
ſpite of monthly bruſhings, generally. prevented all horizontal: 
views-at any. diſtance. 

The outward ſhell or dome is not only of uſe to protect and 
ſupport the interior buildings from external violence and the 
heavy rains 3: but to · collect and preſerve a regular degree of 
genial warmth and moifture which. ſeems very neceflary for 
hatching the eggs and cheriſhing the young ones. 

The royal chamber, which I call ſo on account of its being 
adapted for, and occupied by, the ting and queen, appears to 
be in the. opinion of this little people of the moſt conſequence, 
being always ſituated as near the center of the interior building 
as poſſihle, and generally about the height of the common ſur- 
face of the gfound, at a pace or two from the hillock. It is 
always nearly in the ſhape of half an egg or an obtuſe oval 
within, and may be ſuppoſed to repreſent. a long oven (tab. 
VIII. fig: 1. and 2.) 

In the infant ſtate of the colony, it is not above an inch or 
thereabout in length ; but in time will be increaſed to ſix or 
eight inches or mote in the clear, being always 1 in proportion to 
the ſize. of the queen, who, inereaſing in bulk as in age, at: 


length requires a chamber of ſuch dimenſions. 


This 


ſpiſſated juices of plants. 
maſſes, ſome of which are finer than others, and reſemble the 


152 VV. $MEATUHMAN'S Account of : 
This ſingular part would bear a long deſcription, which | 


ſhall not trouble you with at preſent, and only obſerve, that 


its floor is perfectly horizontal; and in large hillocks, ſame- 
times an inch thick and upward of ſolid clay. The roof alſo, 
which is one ſold and well-turned oval arch, is generally of 
about the ſame ſolidity, but in ſome places it is not a quarter 
of an inch thick, this is on the fides where it joins the floor 
(tab. VIII. fig. 1. a. a.), and where the doors or entrances 


are made level therewith at pretty * diſtances from each 


other (rab. VIII. fig. 2. and 4. b. b.) 

| Theſe entrances will not admit any animal from than the 
nden or labourers, ſo that the ing, and the gueen (who is, at 
full fize, a thouſand times the — of a Ling can never poſ- 


ſibly go out. 


The royal chamber, if in a large hillock, is horned by 
an innumerable quantity of others of different fizes, ſhapes, 
and dimenſions ; but all of them arched in one way or another, 
ſometimes circular, and ſometimes elliptical or oval. 
- Theſe either open into each other or communicate by paſ- 
ſages as wide, and being always empty are evident] y made for 
the ſoldiers and attendants, of whom it will ſoon appear great 
numbers are neceſſary, and of courſe always in waiting. 
Theſe apartments are joined by the magazines and nurſeries. 
The former are chambers of clay, and are always well filled 
with proviſions, which to the naked eye ſeem to conſiſt ef the 
raſpings of wood and plants which the Termites deſtroy, but 
are found in the microſcope to be principally the gums or in · 
Theſe are thrown together in little 


fugar about preſerved Fruits, others are like tears of gum, one 
quite 
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quite tranſparent, another like amber, a third brown; and a 
fourth y=w your as we ſes often in nee of ordinary 
Theſe magazines are intermined with the nurſeries, which 
are buildings totally different from the reſt of the apartments: F, 
for theſe are compoſed entirely of wooden materials, ſeemingly* 
joined together with gums. I call them the nurſeries beeauſe 
they are invariably occupied by the eggs, and young ones, whicly 
appear at ficft in the ſhape of labourers, but white as ſnow. 
Theſe buildings are exceeding compact, and divided into many 
very ſmall irregular- ſhaped chambers, not one of which is to 
be found of half an inch in width (tab. VIII. fig. 5.) . They are! 
placed all round the royal apartments, and as near as 8 to 
them. 

When the neſt is in the infant ſtate, the nurkbties: are 4 
to the royal chamber; but as in proceſs of time the queen 
enlarges, it is neceſſary to enlarge the chamber for her accom- 
modation ;. and as ſhe then. lays a greater number of eggs, and 
requires a greater number of attendants, ſo it is neceſſary to 
enlarge and encreaſe the number of the adjacent apartments; 
for which purpeſe the ſmall nurſeries which are firſt built are 
taken to pieces, rebuilt a little farther off a ſize bigger, and 
the number vf them encreaſed at the ſame time. 

Thus they continually enlarge their apartments, pull down, 
repair, or rebuild, according to their wants, with a degree of 
lagacity, regularity, and foreſight, not even. imitated by any 
other kind of animals or inſects that I have yet heard of 

There is one remarkable circumſtance attending the nur- 
ſeries, which. I muſt not at this time omit. They are always 
found flightly overgrown with mould (tab. VIII. fig. 6), and 
plentifully ſprinkled with ſmall white globules about the face 
of a ſmall vin's head. Theſe at firſt I took to be the eggs; but, 
Vor. LXXI. X. en 
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on bringing them to-the microſcope, they evidently appeared to 
he a ſpecies of muſhroom in ſhape like our eatable pivſh- 


room i in the young ſtate in which it is pickled (tab. VIII. fig. 7% 


They appear, when whole; white like ſnow, a little thawed: 
and then frozen again, and when bruifed ſeem compoſed of an 
iafdite number of pellucid particles, approaching to. oval forms 
and difficult to ſeparate ;. the ee. . e to be 
the ſame kind of ſubſtance (.). 
The nurſeries are inclakee 1 in ey of N Jike ot 
which contain the proviſions, but much. larger. In the early 
tate of the neſt they are not bigger than-an. hazel-nut, but in 
great hills are often as large as a child's head of a year old. 

The diſpoſition: of the interior parts of theſe hills is pretty 
much alike, except when ſome inſurmountable obſtacle prevents; 
for inſtance, when the king and queen have beemfirſt lodged near 
the foot of a rock or of a tree, they are certainly built out of tlie 
uſual forms otherwiſe pretty * * to the followin g 
plan. Sen 28 

The ** chamber is . at ho a Jovek ** Ah 8 
face of the ground, at an equal diſtance from all the ſides of 
the building, and directly under the ak of the hill (tab, VIL 


fig. 2. A. A.) 


(12) Mr koxie, who has examined theſe kind of neſts in tlie Eaſt Indies, in an 
Eday upon the Termites, read before the Society of Naturaliſts of Berlin, con- 
jectures, that theſe muſhrooms are the food of the young inſects. This ſuppoſi tion 
implies, that the old. ones have a method of. providing for and promoting their 
growth; a circumſlance which, however. ſtrange to thoſe unacquainted- with the 
fagacity of theſe Inſects, F will venture to ſay, from many other extraordinary facts 
I have ſeen of them, is not very improbable; 


N. B. Mi. xon1G has net diſcovered the magazines of proviſions in the neſts 
which: he opened, as far as I am informed; but I muſt obſerve here, that what 1 


have learned of this gentleman's account was from an extempore tranſlation of the. 
heads of it. 5 
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It is on all ſides, both above and below, ſurrounded 3 
what I ſhould call the royal apartments, which have only la- 
bourers and ſoldiers in them, and can be intended for no other 
purpoſe than for theſe to wait in, either to guard or ſerve their 
common FATHER and MOTHER, on whole ſafety depends the 
happineſs, and, according to the negroes, even the exiſtence 
of the whole community. . 

Theſe apartments compoſe an intricate labyrinth, which ex- 
tends a foot or more in diameter from the royal chamber on 
every ſide. Here the nurſeries and magazines of proviſions be- 
gin, and, being ſeparated by ſmall empty chambers and galleries, 
which go round them or communicate from one to the other, 
are continued on all ſides to the outward ſhell, and reach up 
within it two-thirds or three-fourths of its height, leaving an 
open area in' the middle under the dome, which very much 
reſembles the nave of an old cathedral : this is ſurrounded by 
three or four very large Gothic-ſhaped arches, which are ſome- 
times two or three feet high next the front of the area, but 
diminiſh very rapidly as they recede from thence like the arches 
of aiſles in perſpectives, and are ſoon loſt among the innume- 
rable chambers and nurſeries behind them. 

All theſe chambers, and the paſſages leading to and from 
them, being arched, they help to ſupport one another; and 
while the interior large arches prevent them falling into the 
center, and keep the area open, the exterior building ſupports 


them on the outſide. 
There are, comparatively ſocaking, few openings into the 
great area, and they for the moſt part ſeem intended only to 


admit that genial warmth into the murſeries which the dome 
collects. 
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The interior building or aſſemblage of nurſeries, chambers, 
&c. has a flattiſh top or roof without any perforation, which 
woulda keep the apartments below dry, in caſe through accident 
the dome ſhould receive any injury and let in water; and it is 
never exactly flat and uniform, becauſe they are always adding 
to it by building more chambers and nurſeries: ſo that the 
diviſions or columns between the future arched apartments re- 
ſemble the pmnacles upon the fronts of ſome old buildings, 
and demand particular notice as affording one proof that for the 
moſt part the inſects project their arches, and do not make them, 
as Fimagined for a long tune, by excavation (tab. VIII. fig. 2. B.). 

The area has alſo a flattiſh floor, which lays over the royal 
chamber, but ſometimes a good height above it, having nurſe- 
ries and magazines between (tab. VII. fig. 2: c.) It is hkewiſe 
water- proof, and contrived, as far as 1 could gueſs, to let the- 
water off, if it ſhould get in, and run over by ſome ſhort way 
into the ſubterraneous paſſages which run under the loweſt ap- 
artments in the hill in various directions, and are of an aſtoniſh- 
ing ſize, being wider than the bore of a great cannon. I have a 
memorandum of one I meaſured, perfectly cylindrical, and: 
thirteen inches in diameter (tab. VII. fig. 2. D. D.). 

Theſe ſubterraneous paſſages or galleries are lined very thick 
with the ſame kind of clay of which the hill is compoſed, and 
aſcend the infide of the outward ſhell in a ſpiral manner, and 
winding round the whole building up to the top interſe& each 
other at different heights, opening either immediately into the 
dome in various places, and into the interior building, the new 
turrets, &c, or communicating thereto by other galleries of 
different bores or diameters, either circular or oval. 

From every part of theſe large galleries are various ſmall 
pipes or galleries leading to different parts of the building. 

Under 
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Under ground there are a great many which lead downward by 
loping deſcents three and four feet perpendicular among the 
gravel, from whence the labouring Termites cull the finer parts, 
which, being worked up in their mouths to the conſiſtence of 
mortar, becomes that ſolid clay or ſtone of which their hills 
and all their buildings, except their nurſeries, are compoſed. 
Other galleries again aſcend and lead out horizontally on 
every ſide, and are carried under ground near to the ſurface a: 
vaſt diſtance : for if you deſtroy all the neſts within. one hun-- 
dred yards of your houſe, the inhabitants of thoſe which are- 
left unmoleſted farther off will nevertheleſs carry on their ſub-- 
terraneous galleries, and invade the goods: and merchandizes 
contained in it by ſap and mine, and do great miſchief, if. you: 
are not very circumſpect. 
But to return to the cities from whence theſe extraordinary” 
expeditions and operations originate, it ſeems there is a degree 
of neceſſity for the galleries under the hills being thus large, 
being the great thoroughfares for all the labourers and ſoldiers 
going forth or returning upon any bufineſs whatever, whether 
fetching clay, wood, water, or proviſions; and they are certainly 
well calculated for the purpoſes to which they are applied, by 
the ſpiral ſlope which is given them; for if they were perpendi- 
cular the labourers would not be able to carry on their building 
with ſo much facility, as they aſcend a perpendicular with great 
difficulty, and the ſoldiers can ſcarce do it at all. It is on this 
account that ſometimes a road like a ledge is made on the per- 
pendicular fide of any. part of the building within their hill, 
which is flat on the upper ſurface, and half an inch wide, 
and afcends gradually like a ſtair- caſe, or like thoſe roads which - 
are cut on the fides of hills and mountains, that would.other-- 
wilſe- 
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wwiſe be inacceſſible: by which, and ſimilar — hs 
travel with great facility to every interior part. 

This too is probably the cauſe of their building a kind of 
bridge of one vaſt arch, which anſwers the purpoſe of a flight 
of ſtairs from the floor of the area to ſome opening on the ſide 
of one of the columns which ſupport the great arches, which 
| muſt ſhorten the diſtance exceedingly to thoſe labourers who 
have the eggs to carry from the royal chamber to ſome of 
the upper nurſeries, which in ſome hills would be four or five 
feet in the ſtraighteſt line, and much more if carried through 
all the winding paſſages which lead 2 the inner cham- 
bers and apartments. 
I have a memorandum of one of theſe bridges, half an inch 
broad, a quarter of an inch thick, and ten inches long, mak- 
ing the fide of an elliptic arch of proportionable ſiae; ſo that 
it is wonderful it did not fall over or break by its own weight 
before they got it joined to the fide of the column above. It 
was ſtrengthened by a ſmall arch at the bottom, and had a 
hollow .or groove all the length of the upper ſurface, either 
made purpoſely for the inhabitants to travel over with more 
ſafety, or elſe, which is not improbable, worn 10 by frequent 
treading (tab. VII. fig. 2. E. E.). 

Thus I have deſcribed, as briefly as the ſubject mand admit, 
and I truft without exaggeration, thoſe wonderful buildings 
whoſe ſize and external form have often been mentioned by 
traveHers, but whoſe interior and more curious parts are fo 
little known, that I may venture to conſider my account of 
them as new, which is the only merit it has: for they are 
oonſtructed upon ſo different a plan from any thing elſe upon the 


earth, and ſo complicated, that I cannot find words equal to 
5 | the 
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the taſk, and muſt therefore refer to the different figures, 
which, however extraordinary, ſcarce do juſtice to the ſubjects. 

The neſts before deſcribed are ſo remarkable on account of 
their ſize, that travellers have ſeldom, where they were to be 
ſeen, taken notice of any other; and have generally, when 
ſpeaking of white Ants, deſcribed them as inhabitants of thoſe 
hills. Thoſe, however, which are built by the ſmaller ſpecies 
of thoſe inſects, are very numerous, and ſome of them exceed - 
ingly worth our attention; one ſort in particular, which from 
their form I have named turret neſts. Theſe are a great deal 
leſs than the foregoing, and indeed much leſs in proportion to 
the ſize of the builders; but their external form is more 
curious, and their ſolidity conſidered they are prodigious- 
buildings for ſo ſmall an animal (%. 

Theſe buildings are upright cylinders compoſed of a well 
tempered black earth or clay, about three quarters of a yard 
high, and; covered with a roof of the ſame. material in the 
ſhape of a cone, whoſe baſe extends over and hangs down 
three or four inches wider than the perpendicular ſides of the 
cylinder, ſo that moſt of them reſemble in ſhape the body 
of a round wind-mill; but ſome of the roofs have ſo little ele- 
vation in the middle, that they are pretty much in the ſhape 
of the top of a full · grown muſhroom (tab. IX. fig. 1.) 

After one of theſe turrets is finiſhed, it is not _ or en- 
larged; but when no longer capable of containing the commu- 
nity, the foundation of another is laid within a few inches of 
it. Sometimes, though but rarely, the ſecond is begun before 
the firſt is finiſhed, and a third before they have completed the 


(13) If their height is eſtimated and computed by the fize of the builders, and 
compared with ours upon the like ſcale ; each of them is four or five times the 


height of the monument, and a great many times its ſolid contents, 
ſecond : 


r , 


ſecond: thus they will run up five or fix of theſe turrets at the 


Horizontal cylinder only (tab. IX. fig. 5. ) 
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foot of a tree in the thick woods, and make a moſt. fingula 


group of buildings (tab. IX.). 


The turrets are 1 ſtrongly built, that in caſe of viclence they 
will much ſooner overſet from the foundation, and tear u p the 
gravel and ſolid earth, than break in the middle; and m that 
caſe the inſects will frequently begin another turret and build 
it, as it were, through that which is fallen; for they will con- 
nect the cylinder below with the ground, and run up a neu 
turret from its upper fide, fo that it will ſeem to reſt upon the 


I have not obſerve any thing elſe about theſe neſts that is 
remarkable, except the quality of the black brown clay, which 
is as dark coloured as rich vegetable mould, but burns to an 


exceeding fine and clear red brick. Within, the whole building 
is pretty equally divided into innumerable cells of irregular 


| ſhapes; ſometimes they are quadrangular or cubic, and ſome- 


times pentagonal ; but often the angles are ſo ill defined, that 
each half of a cell will be ſhaped like the inſide of that ſhell 
which is called the Sea-ear. 

Each cell has two or more entrances, and as there are no 
pipes or galleries, no variety of apartments, no well-turned 
arches, wooden nurſeries, &c. &c. they do not by any means 
excite our admiration ſo much as the hill neſts, which are 
indeed collections of wonders. 

There are two ſizes of theſe turret neſts, built by two dif- 
ferent ſpecies of Termites. The larger ſpecies, the Termes atrox, 
in its perfect ſtate meaſures one inch and three-tenths from the 
extremities of the wings on the one ſide to the extremities on 


the other (tab. X. fig. 14). The leſſer ſpecies, Termes mordax, 


meaſures 
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meaſares only eight - tenthis of an inch from pd to tip (tab. . 
fig. 10. Fo 
7 he next kind of neſts, built by another ſpecies 'of oy 
genus, the Termes arborum, have very little reſemblance to the 
former in ſhape or fubſtance. Theſe are generally ſpherical br 
oval, and built in trees (. Sometimes they are ſeated between 
the arms and the ſtems of trees, and very frequently may be? 
ſeen ſurrounding the branch of a tree at the height of ſeventy 
or eighty feet; and (though but rarely of ſo 1 a ze). us! 
big as a very great ſugar cafk (10 (16), an 
They are compoſed of ſmall particles of wood and the various“ 
gums and juices of trees, combined with, perhaps, thoſe of the 
animals, and worked by thoſe little induſtrious creatures into ul ; 
paſte, and ſo moulded into innumerable little cells of * very dif- 
ferent and irregular forms, which afford no amuſing variety and 
nothing curious, but the immenſe quantity of inhabitants, young 
and old, with which they are at all times crouded ; on vrhich ac” 
count they are fought for in order to feed young fowls, and eſpe- 
cially for the rearing of Turkies. Theſe neſts are very com- 
pact, and ſo ir attached to the boughs on which they are 
fixed, that there is no detaching them but by cutting them in 
pieces, or ſawing off the branch; and they will ſuſtain the 
force of a tornado as bug ® AS ts tree on which: _ are fixed. 


0 The * of Weed like that of the roofed a black, from 
which, and their irregular - ſurface and orbicular ſhape, they have been called 
Negro Heads by our fitſt-writers on the Carribbee Hands, and ad the n, 
Tetes des Negres, See uunT EAS EVELYN'S ALVI, p. 117. i 

I have never been able to diſcover what authot Mr. EVELYN Ade to in this 
mention of the Negro Heads. | n 

(15) Lene Jamaica, wol. I . i ES oft 3 fo 7 0 

(% sroaxx's Jamaica, vol. II. p. 221. and ſequel, 
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This, ebe the external habit, — the colour,, 

of the Termes atrox (tab. X. hg. 21.) | 
There are ſome neſts built in thoſe fandy nnd we 
call, after. the Spaniards, Savannas, that reſemble the hill 
neſts firſt deſcribed. They are compoſed of a black mud, which: 
is. brought from a few. inches below the white: ſand, and are 
built in the form of an imperfect cone, or bell-ſhaped, having 
their tops. rounded; Theſe neſts are generally about. four or 
five feet high ©, As I ſaw theſe only in: paſſing through. 
various Savannahs upon other purfuits, I can ſay very little of 
their interior parts. They ſeemed to be inhabited by nearly as. 
large inſects, differing very little except in colour, which is 
lighter chan that: ob the. Termites bellicafſi. 

Having given ſome idea of the neſts, I ſhall 8 
reading af a more partieular accaunt of the infefts.themſelves,, 
which will be exceeding neceſſary to · a tolerable acquaintance 
with their economy and management, their manner of build- 
ing, fighting,, and marching, aud to. a more particular account 
af their es in the creation, and of. the vaſt miſchief er 
1 d 


| 


60 * del e. Ats ane about 1 wide at the baſe, and two high;. 
of an bþemiſpherical-form. Thought made in: looſe ſand, they are ſo-hard a- 
** not to be broken; without: great efforts; and a laden cart could not break 
* through, -— In, October and November they add a new ſtory.— The Cochons- 
ds Terre (the Leſt Ant -cater of Mr. ENA) make holes in theſe neſts eight” 
inches in. diamater and fix. deep :; and having defreyed the inhabitants, the net. 

is abandoned, but - ſomatimes the Ants repair it.” This laſt paragraph ſeems- 
rather founded on conjecture. Voyage. au Cap. par M. L' Abbe DR LA CAILLE,. 
p- 395—350. 
aviE po alſo ſays Ants make. hillocks-as high as a man. 


Among 


=, Termites * Africa and I bot later.” 16 3 15 


Ameng theſe yon will find, I muſt confeſs, ſome very 
eee relations, and many that do not admit à poſſi 
bility of demonſtration; ſuch is the deſcription of the form of 
an army of the Termites viarum marching, and the accbunt 
of the regularity uſed by the Termites bellicofi in; repairing a 
breach in their hills. But the very ſingular facts, of which 
you have the proofs before you, are ſufficient I ſhould conceive 
to procure me belief for the others. Should any perſon doubt, 
I would with them to conſider, that a ſtudent of nature 
and nature's laws, in any matter relating thereto, has no temp» 
tation to tranſgreſs the bounds of truth. I am very ſenſible; 
that the works of the creation, and the order thereof, art 
eſtabliſhed in the higheſt wiſdom ; that it is as abſurd to attempt 
to exaggerate as to detract from them; and can only ſerve to 
expoſe the ignorance of him who attempts it. Beſides, what 
I have here advanced muſt be confirmed or contradicted in two 
or three years, ſince it will doubtleſs be examined into by all 
the curious who viſit tropical regions. 

I have obſerved before, that there are of every ſpecies of 
Termites three orders; of theſe orders the working inſets or 
labourers are always the moſt numerous; in the Termes bellicaſur 
there ſeems to be at the leaſt one hundred labourers toone of the 
ſighting inſects or ſoldiers. They are in this ſtate about one- 
fourth of an inch long, and twenty-five of them weigh about a 
grain; ſo that they are not fo large as ſome of our ants (tab. X. 
fig. 6.). From their external habit and fondneſs for wood, they 
have been very expreſſively called Wood Lice by ſome people, and 
the whole genus has been known by that name, particu- 
larly among the French. They reſemble them, it is true, 


very much at a diſtance, but they run as faſt or faſter than any 
v2 | bother 
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perhaps the animal is incapable of — up perpendicular 


form ſtill more than ever. The head, thorax, and abdomen, 
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fine large browniſh, tranſparent, wings, with which it is at the 
time of emigration to wing its way in ſearch of a new ſettle- 


22 


cher affairs R blind 4% EIA? 143, 
The ſecond order, or ſoldiers; have a very different form from 
the Hbourers, and have been by ſorne autliors ſu ppoſed to be 
the males, and the former neuters ; but they are, in fact, the 
fathe inſets as the foregoing, only they have undergone a 
change of form, and approached one degree nearer to the per- 
fect ſtate. They are now much larger, being half an inch 
long, and equal in bulk to fifteen of the labourers (rad. X. 
fig. 8). | 

There! is now likewiſe a moſt remarkable circumſtance in the 
form of the head and mouth; for in the former ſtate the mouth is 
evidently calculated for gnawing and holding bodies; but in this 
ſtate, the Jaws being ſhaped juſt like two very ſharp awls-a 
little jagged (tab. X. fig 9.), they are incapable of any thing 
but piercing or wounding, for which' purpoſes they are very 
effectual, being as hard as a crab's ' claw, and placed in a 
ſtrong horny head, which is of a nut-brown colour, and 
larger than all the reſt of the body together, which ſeems to 
labour under great difficulty in carrying it: on which account 


ſurfaces. 
The third "OY or the inſect in its perfekt ſtate, varies its 


differ almoſt entirely from the ſame parts in the labourers and 
ſoldiers; and, beſides this, the animal is now furniſhed with four 


00 ROCHFORT, in the Hiſtory of the Carribee Iflands,. calls them Wood Lice, 
and mentions the deſtruction they make, &c. p. 149. 
ment (9), 
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ment ci. In ſhort, it differs ſo much from its form and ee 
ance in the other two ſtates, that it has never been ſuppoſed to 
be the ſame animal, but by thoſe who have ſeen it in the 
ſame neſt; and ſome of theſe have diſtruſted the evidence of 
their ſenſes. It -was ſo long before I met with them in the neſts 
myſelf; that I doubted the information which was given me by 
the natives, that they belonged to the ſame family (tab. X. fig-. 
Indeed we may open twenty neſts without finding one 
l for thoſe are to be found only juſt before the com- 
mencement of the rainy ſeaſon, when they undergo the laſt 
change, which is preparative to their colonization. Add to 
this, they ſometimes: abandon an outward” part of their 
building, the community being diminiſhed by fome acci- 

dent to me unknown. Sometimes too different ſpecies of: 
the real Ant (Formica) poſſeſs themſelves by force of a 

lodgement, and ſo are frequently diſlodged fronr the ſame 
neft; and taken for the ſame kind of inſects. This I know 
is often the caſe with the nefts of the ſnrmaller- ſpecies, . 
which are frequently totally abandoned by the Termites, 
and completely inhabited by different ſpecies ef Ants, Cock- 
roaches, . Scolopendræ, Scorpions, and other vermin, fond of 
obſcure retreats, that occupy: different parts of their roomy 


buildings; which clearly accounts for your having met with: 
the real Ants in thoſe neſts in New Holland. . 


(9) © There is a ſort that frequently flies, having red*wings. — This fiying | 
* ſort flings up the largeſt hills, and is wonderfully nimble and induftrious,””” 
x0LBEIN'S Cape of Good Hope, 8vo, vol. II. p. 173. 

DAPPER calls the Wood Ants Acolalan, and fays it becomes as dig as one's - ; 
thumb, and then takes wing. Deſcription de l' Afrique, folio, p. 459. 
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In the winged ſtate they have alſo much altered: thei ſize u 
well as form. Their bodies now meaſure between fix and ſeven © 
tenths of an inch in length, and their wings above two inches 
and a half from tip to tip, and they are equal in bulk to about 
thirty labourers, or two ſoldiers. They are now alſo fur- 
nithed with two large eyes placed on each fide of the head, 
and very conſpicuous ; if they have any before, they are not 
eaſily to be diſtinguiſhed. Probably in the two firſt ſtates 
their eyes, if they have any, may be ſmall like thoſe of 
moles ; for as they live like theſe animals always under- 
ground, they have as little occaſion for theſe organs, and it 
3s not to be wondered at that we do not diſcover them ; but 
the cafe is much altered when they arrive at the winged 
ſtate in which they are to roam, though but for a few 
hours, through the wide air, and explore new and diſtant 
regions. In this form the animal comes abroad during or ſoon 
after the firſt tornado, which at the latter end of the dry ſeaſon 
proclaims the approach of the enſuing rains, and ſeldom 
waits for a ſecond or third. ſhower, if the firſt, as 1s generally 
the caſe, happens in the night, and brings much wet after it %. 

The quantities that are to be found the next morning all over 
the furface of the earth, but particularly on the waters, is 
aſtoniſhing ; for their wings are only calculated to carry them 


(20) 4 At night Iviſited Mr. HARRISON On board the floop z during the time 
* we had a dreadful tornado, in which a ſort of large flies with long wings cams 
« on board in ſuch prodigious numbers, that flying into the flames of the 
candles, the table was ſoon covered with thoſe that burnt their wings; and 
others, which were not burnt, as they walked along the table ſhed their wings, 
and then were nothing but ſo many perfect large maggots.” June 10, 175 


»ooRr's Travels, P- 118. | 
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1 few hours, and aſter the riſing of the ſun not one in a thou-- 
fand is to be found with four wings, unleſs the morning con- 
tigues rainy, when here and there a ſolitary being is ſeen wing= 
ing its way from one place to another, as if ſolicitous only to 
avoid its numerous enemies, particularly various ſpecies of 
Ants which are hunting on every ſpray, on every leaf, and in 
every poſſible place, for this unhappy race, of which probably 
not a pair in many millions get into a place of ſafety, fulfil 
the firſt law of nature, and lay. the foundation of a new com- 
munity. 
Not only all Kinds of ants, birds, and carnivorous reptiles, 
as well as inſects, are upon the hunt for them, but the inha- 
bitants of many countries, and particularly of that part of 
Africa where. I was, eat them () (2) (23) (24) (5). | 


On: 


(21) Mr. xow1c, in an Eſſay upon theſe Inſects, read before the Society of 
Naturaliſts of Berlin, ſays, That, in ſome parts of the Eaſt Iadies, the queens 
are given alive to old men for ſtrengthening the back, and that the natives have a 
method of catching the winged inſects, which he calls females, before the time 
of emigration. They make two holes in the neſi; the one to windward, and 
the other to leeward. At the leeward opening they place the mouth of a 
pot, previoufly rubbed within with an aromatie herb called Bergera, . which i 
more valued. there than. the lanrel in Europe. On the windward fide they 
make a fire of ſtinking materials, which not only drives theſe inſets into the pots, 
but frequently the hooded ſnakes alſo, on which account they are-obliged to be 
cautious in removing them. By this method they catch great quantities, of 
which they make with flour a variety of paſtry, which they can afford to ſell very 
cheap to the poorer / ranks of people. Mr. xoxrc adds, that in ſeaſons when 
this kind of food is very plentiful, the too great uſe of it brings on an epidemic 
calic. and dyſentery, which kills in two or three hours, + 4 07 708? 
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"Wy are to be. ſeen anni upon the ground in chace of each 
other 


T have not found the Africzns ſo ingenious in. procuring or drefling them. They 
ure content with a very ſmall part of thoſe which, at the time of ſwarming, or 
rather of emigration, fall into the neighbouring waters, which they ſkim off with 

calabaſhes, * bring large kettles full of them to their habitations, and parch them 
in iron pots over a gentle fire, -ſtjrring them about as is uſually done in roaſting 
coffee, In that ſtate, without ſauce or any other addition, they ſerve them as 
delicious food; and they put them by hands · full into their mouths, as we · do com- 
fits. I have eat them dreſſed this way ſeveral times, and think them both delicate, 
nouriſhing, and wholeſome ; they ate ſomething "ſweeter, but not ſo fat and cloy. 
ing as the caterpillar or maggot of the Patn-tree Snout-heetle, Curculio Palmarum, 
which is ſerved yp at all the luxurious tables of Weſt Indian epicures, particularly 
of the French, as the greateſt dainty of. the Weſtern world, | 

According to the Baron DE-Gtzer, Mr. srarnmmaN ſays, that the Hoctentots 
eat theſe. inſects, and even grow fat upon them; but does not ſay what methods 
they take to procure or dreſs them. b EER, Memoires des Inſectes, tom. VII. p. 49. 

(22) iso, DE LAE T, MARCGRAVE, and other writers, mention their being an 
aàrtiele of diet in different parts of South America, 1 

Alia pxræterea datur grandis ſpecies Tama - ura dicta digiti articulum adz- 
. quans. Quarum etiam clunes deſſecantur et frigintur pro bono anne 
2180, Hiſt. Natural. lib. I. p. 9. lib. V. 297. . | 
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„;) MAR cen. Hiſt, Nat. 56. | 
- G4) © Denique formicæ hic viſuntur DE "OY quas | Hill. 2 comes 
* dunt; et in foris venales habent.“ pz Lak r. Americe Uttiuſque men 
p- 431. 14. <<ads de 
Formicis 1 eaſque ſtudioſe ad unn * Abi. p. 379.” 
(25) Sir RANS-SLOANE- ſays, the filk-cotton-tree worm is eſteemed by the Indians 
3nd negroes beyond marrow. This worm is no more than a large maggot, being 
he Caterpillar of a large Capricorn Beetle, or Goat Chafer : the: Larva of 2 
pretty large Cerambix (the Lmia Tribulus of razrIcrus). which is alſo brought 
from Africa, where I have eaten thoſe worms roaſted, This inſect is moſt pro- 
bably to be found in all countries where the ſilk- cotton- tree (Bomba) is indi- 
nous. sLoAxz's Jamaica, vol. II. p. 193. G 
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other ; ſometimes with one or two wings im hanging to their 
bodies, which are not only uſeleſs, but ſeem rather cumber- 


ſome (0. | 
a The greater part have no wings, but they run exceeding 
hy faſt, the males after the females; I have ſometimes remarked two 
or males after one female, contending with great eagerneſs who 
th WY qſhould win the prize, regardleſs of the innumerable dangers 


that ſurrounded them. 
They are now become from one of the moſt active, induſ- | 
S trious, and rapacious, from one oß the moſt fierce and impla- 
e, cable little animals in the world, the moſt innocent, helpleſs, 
and cowardly ; never making the leaſt reſiſtance to the ſmalleſt 
Ant. The Ants are to be ſeen on every fide in infinite numbers, 
of various ſpecies and fizes, dragging theſe annual victims of 
the laws of nature to their different neſts. It is wonderful 
that a pair ſhould ever eſcape ſo many dangers, and get 
into a place of ſecurity. Some, however, are ſo fortunate ; 
and being found by ſome of the labouring inſects that are 
continually running about the ſurface of the ground under 
their covered galleries, which I ſhall ſhortly deſcribe, are 
elefed KINGS and QUEENS of new ſtates; all thoſe who 
are not ſo elected and preſerved certainly periſh, and moft 
probably in the courſe of the following day. The man- 
ner in which theſe labourers protect the happy pair from 
their innumerable enemies, not only on the day of the 


I have diſcourſed with ſeveral gentlemen upon the taſte of the white Ants; and 
on comparing notes we have always agreed, that they are moſt delicious and deli- 
cate eating, One gentleman compared them to ſugared marrow, another to 
ſugared cream and a paſte of ſweet almonds, | 
(26) L160N obſerved them, but does not know what they are, LIGON's Barba- 
does, P- 63. : 
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maſſacre of almoſt all their race, but for a long time after, 
will I hope juſtify me in the uſe of the term ELEOTIOV. 
The little induſtrious creatures immediately encloſe them in 
a ſmall chamber of clay fuitable. to their ſize, into which at 
firſt they leave but one ſmall entrance, large enough for them- 
ſelves and the ſoldiers to go in and out, but much too little 
for either of the royal pair to make uſe of; and when ne- 
ceſſity obliges them to make more entrances, they are never 
larger; fo that, of courſe, the voluntary ſubjects charge them- 
ſelves with the taſk of providing for the offspring of their 
ſovereigns as well as to work and to fight for them until they 
ſhall have raiſed a progeny capable at leaſt of dividing the tatk 
with them. 

It is not until this time, probably, that they conſummate 
their marriage, as I never ſaw a pair of them joined. The 
buſineſs of propagation, however, ſoon commences, and the 
labourers having conſtructed a ſmall wooden nurſery, as before 
deſcribed, carry the eggs and lodge them there as faſt as they 
can obtain them from the queen. 

About this time a moſt extraordinary change begins to take 
place i in the queen, to which I know nothing ſimilar, except in 
the PULEX PENETRANS of LIN N Rus, the JIGGER of the Weſt 

Indies, and in the different ſpecies of coccus, COCHINEAL. 
The abdomen of this female begins gradually to extend and 
enlarge to ſuch an enormous ſize, that an old queen will have 
it increaſed ſo as to be fifteen hundred or two thouſend times the 
bulk of the reſt of her body, and twenty or. thirty thouſand 
times the bulk of a labourer,” as I have found by carefully 
weighing and computing the different ſtates (tab. X. fig. 3.)- 
| "The ſkin between the ſegments- of the abdomen extends in 
l. every direction; and at laſt the ſegments are removed to half an 
4 inch 
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inch diſtance from each other, though at firſt the length of the 
whole abdomen is not half an inch. They preſerve. their dark. 
brown colour, and the upper part of the abdomen is marked 
with a regular ſeries of brown bars from the thorax to the 
poſterior part of the abdomen, while the intervals between 
them are covered with a thin, delicate, tranſparent ſkin, and 
appear of a fine cream colour, a little ſhaded by the dark 
colour of the inteſtines and watery fluid ſeen here and there 
beneath. I conjecture the animal is upward of two years. 
old when the abdomen is increaſed to three inches in length : 
I have ſometimes found them of near twice that ſize. The 
abdomen is now of an irregular oblong ſhape, being con- 
tracted by the muſcles of every ſegment, and is become one 
vaſt matrix full of eggs, which make long circumvolutions 
through an innumerable quantity of very minute veſſels that 
circulate round the infide in a ſerpentine manner, which would 
exerciſe the ingenuity of a ſkilful anatomiſt todiſſect and develope. 
This fingular matrix 1s not more remarkable for its amazing 
extenſion and ſize than for its periſtaltic motion, which reſem- 
bles the undulating of waves, and continues inceſiantly without 
any apparent effort of the animal; ſo that one part or other 
alternately is riſing and ſinking in perpetual ſucceſſion, and the 
matrix ſeems never at reſt (, but is always protruding eggs to 
the amount (as I have frequently counted in old queens) of 
ſixty in a minute , or eighty thouſand and upward in one 
day of twenty-four hours (9. Theſe 


(27) © We may obſerve in a queen, diſtended with egg, a partition along the 
*© back, and a continued motion from one extreme to the other, much like 
** that we find in filk-worms.” Account of Engliſh Ants by GOULD, p. 22. 

(23) I cannot poſitively aſſert, that the old queens yield ©gg3 ſo plentifully at all 

2 2 times, 
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Mr. MEAT HNTAN “S Account of 
Theſe eggs are inſtantly taken from her body by her atten- 
dants (of whom there always are, in the royal chamber and 
the galleries adjacent, a ſufficient number in waiting) and car- 
ried to the nutſeries, which in a great neſt may fome of them 
be four or five feet diſtant in a ſtraight line, and conſequently 
much farther by their winding galleries. Here, after they 
are hatched, the young are attended and provided with 


every thing neceſſary until they are able to ſhift for them- 
ſelves, and take their ſhare of the labours of the community. 


The foregoing, I flatter myſelf, is an accurate deſcription 
and account of the Termes bellicoſus or ſpecies that builds the 
large u neſts in its different ſtates. 

Thoſe which build either the roofed turrets or the neſts in 
the trees, ſeem in moſt inſtances to have a ſtrong reſemblance to 
them, both in their form and oeconomy, going through the 
ſame changes from the egg to the winged ſtate. The gueens 
alſo increaſe to a great ſize when compared with the Iabourers ; 


but very ſhort of thoſe queens before deſcribed. The largeſt 


are from about an inch to an inch and a half long, and not 
much thicker than a common quill. There is the ſame kind of 
periſtaltic motion in the abdomen, but in a much ſmaller de- 


272 


times, but the protruding them being. the conſequence of the periſtaltic motion, 
it would ſeem involuntary on their parts, and the number, or nearly ſo, always. 
indiſpenſable : the aſtoniſhing multitudes of inhabitants found in their neſts alſo 
countenance this opinion ſtrongly. 

Es) Since the reading of this paper, Mr. oN nunTER; ſo celebrated for his 
great ſkill and experience in comparative anatomy, has diſſected two young queens, 
He finds the abdomen contains two ovaria, in each of which are many hundred ova- 
ducts, and in each of theſe ova · ducts a vaſt many eggs; ſo that there feems no doubt 


of the fact, as the matrix of a full-grown queen muſt be calculated for the production 
and yielding of a prodigious number of eggs. He has alſo diſſected the kings; 
The reſult of theſe diſſections, with ſome further particulars, will be related in 
another paper. 
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gree 3 and, as the animal: is incapable of moving from her 
place, the eggs no doubt are carried to the different cells by the 
labourers, and reared with a care fimilar to that which is prac- 
tiſed in the larger neſts. 

It is remarkable of alF thefe different ſpecies, that the work- 
ing and the fighting inſects never expoſe themſelves to the open 
air; but either travel under ground, or within ſuch trees and 
ſubſtances as they deſtroy, except, indeed, when they cannot 
proceed by their latent paſſages, and find it convenient or ne- 
ceſſary to ſearch for plunder above ground. In that caſe they 
make pipes of that material with which they build their 
neſts. The larger ſort uſe the red clay; the turret builders 
uſe the black clay; and thoſe which build in the trees 
employ the ſame ligneous ſubſtances of which their neſts are 
compoſed · O (31) (32), 


With 


(30) „ Small birds, fowis, Lizards, and other reptiles, ſearch for them as the 
« moſt delicious morſels; therefore they never go abroad but under their covered 
„ ways.”. DU TERTRE, quarto, vol. II. p. 345. 

(31) The earth hereabouts was all filled with a ſpecies of a white Ant, called 
* Vag Vague, different from that which I have elſewhere deſcribed. This, 
*« inſtead of raifing pyramids, continues buried under ground, and never makes 
* itſelf known but by ſmall cylindrical galleries of the thickneſs of a gooſe quill, . 
* which it erects againſt the ſeveral bodies it defigns to attack. Theſe galleries 
are formed of earth with infinite delicacy of workmanſhip. The Vag Vagues 
make uſe of them as of covert-ways, to work without being ſeen; and what- 
ever they faſten themſelves to, whether it be leather, cloth, linen, books, or 
wood, it is ſurely gnawed and conſumed. I ſhould have thought myſelf pretty 
* well off, had they only attacked the reeds of my hut; but they pierced . 
through a trunk which ſtood on treſtles a foot above the ground, and gnawed 
*© moſt of my book.” Aapansoxn's Voyage to Guinea, 179—337. 

N. B. Mr. apanson is certainly miſtaken when he ſays, ** They never make 
** themſelves known.but by their covered-ways, and is the only one w hom I have 
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With theſe e they completely line moſt of the roads 


leading from their neſts into the various parts of the country, 
and travel out and home with the utmoſt ſecurity in all kinds 
of weather. If they meet a rock or any other obſtruction, they 


will make their way upon the ſurface; and for that purpoſe erect 


a covered way or arch, ſtill of the ſame materials, continuing it 


with many windings and ramifications through large groves ; 
having, where it is poſſible, ſubterranean pipes running parallel 
with them, into which they fink and fave themſelves, if their 
galleries above ground are deſtroyed by any violence, or the 
tread of men or animals alarms them. When one chances by 
accident to enter any ſolitary grove, where the ground 1 is pretty 
well covered with their arched galleries, they give the alarm by 
loud hiflings, which we hear diſtinctly at every ſtep we make; 
ſoon after which we may examine their galleries in vain for the 
inſects, but find little holes, juſt large enough for them, by 
which they have made their eſcape into their ſubterraneous roads. 
Theſe galleries are large enough for them to paſs and repaſs 
ſo as to prevent any ſtoppages (though there are always 
numerous paſſengers) and ſhelter them equally from light and 


« met with who has been attacked while living by the white Ants.” ] have ſome 
doubt, that, although the approaches of the Termztes were carried up to his bed, 
the bites he received were from real Ants, of which there are ſome ſcarce 
viſible - which are very numerous and produce great pain; whereas the bite of 
the Termes lets out much blood, and ſhews not the leaſt ſymptom of venom. 
See DU TERTRE's Antilles, vol. II. p. 344. and Deſcript. de l' Afrique, par LABAr, 
tom. III. p. 298. 

(32) See SLOANE, LI GOR, LIN x ÆuS (Termes Fatalis), FORSKAL (Termes Arda), 
and the various yovages to Africa and both Indies, 
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air, as well as from their enemies, of which the ants, being 
the moſt numerous, are the moſt formidable. 

The Termites, except their heads, are exceeding ſoft, nd 
covered with a very thin and delicate ſkin ; being blind, they 
are no match on open ground for the ants, who can ſee, and are 
all of them covered with a ſtrong horny ſhell not eafily pierced, 
and are of diſpoſitions bold, active, and rapacious. Whenever 
the Termites are diſlodged from their covered ways, the various 
ſpecies of the former, who probably are as numerous 
above ground as the latter are in their ſubterraneous paſſages, 
inſtantly ſeize and drag them away to their neſts, to feed the 
young brood (33) (34) G5), The Termites are therefore exceeding 
ſolicitous 


(33) Sir HANS SLOANE was certainly miſtaken in his account of the Wood Ants; 
it is utterly improbable that they ſhould go into the neſts of the red Ants and kill 
them. It is moſt probable, the error has ariſen from Sir x axs's having confounded 


the two genera of inſets the Formica and Termes together, which made 
him never ſpeak of them with preciſion. The reverſe of his account is moſt. 
likely, which is, that the Formice will follow their plunder into the neſts 
of the Termites and deſtroy them; for the latter always keep within. their 
neſts or covered ways, avoiding all communications with other inſets and 
animals, and never meddling with them but when dead; whereas the 
Formice ramble about every where, and enter every cranny and hole that is large 
enough, and attack not only inſets and reptiles but even large animals. See 
SLOANE's Voyage to Jamaica, vol. II. p. 221, 222. tab. 238, Hit. de ! Academie 
Royale des Sciences, 1901, p. 16. Fourmis de Viſite. 

(34) Licon mentions another: ſort of Ants, and deſcribes the galleries. of the 
Termites. Licow's Barbadoes, p. 64, .65. | 
(35) MERIAN ſays, the Ants make neſts above eight feet high, by which I appre- 
hend ſhe means the neſts of the Termites; but in ſpeaking of the manners of the 
inſets ſhe certainly means ſome ſpecies of the Formica. Thoſe which are de- 
leribed as ſtripping the trees are a ſpecics called, in Tobago, Para- ſol-Auts, be- 


eauſe they cut out of the leaves of certain trees and plants pieces almoſt circular, 
| and 
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ſolicitous about the preſerving their covered ways in good re re- 
pair; and if you demoliſh one of them, for a few inches in 
length, it is wonderful how foon they rebuild it. At firſt in 
their hurry they get into the open part an inch or two, but ſtop 
ſo ſuddenly that it is very apparent they are ſurprized : for 
though ſome run ſtraight on, and get under the arch as ſpeedily 
as poſſible in the further part, moſt of them run as faſt back, 
and very few will venture through that part of the track 
which is left uncovered. In a few minutes you will perceive 
them rebuilding the arch, and by the next morning they will 
have reſtored their gallery for three or four yards in length, if 
ſo much has been ruined; and upon opening it again will be 
found as numerous as ever, under it, paſſing both ways. If 
you continue to deſtroy it ſeveral times, they will at length ſeem 
to give up the point, and build another in a different direction; 
but, if the old one led to ſome favourite plunder, in a few days 
will rebuild it again; and, unleſs you deſtroy their neſt, never 
totally abandon their gallery. \ 

The Termites arborum, thoſe which build in trees, frequently 
eſtabliſh their neſts within the roofs and other parts of houſes, 


to which they do conſiderable damage, if not timely extir- 
pated. 


The large ſpecies are, however, not only much more de- 
ſtructive, but more difficult to be guarded againſt, ſince they 
make their approaches chiefly under ground, defcending below 
the foundations of houſes and ſtores at ſeveral feet from the ſur- 
face, and rifing again either in the floors, or entering at the 


and are to be ſeen all the year round travelling from the plants along their road to 
the neſt, with each one of theſe circular pieces of leaves in their jaws, which, 
from their ſhape and colour, give a very good idea of people walking with para- 


bottoms 
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bottoms of the poſts, of which the ſides of the buildings are 
compoſed, bore quite through them, following the courſe of 
the fibres to the top, or making lateral perforations aud cavities 
here and there as they proceed. 

While ſome are employed in gutting tlie poſts, others aſcend 
from them, entering a rafter or fome other part of the roof. It 
they once find the thatch, which ſeems to be a favourite food, 
they ſoon bring up wet clay, and build their pipes or galleries 
through the roof in various directions, as long as it will ſupport 
them; ſometimes eating the palm- tree leaves and branches of 
which it is compoſed, and, perhaps (for variety ſeems very 
pleaſing to them) the rattan or other running plant which is 
uſed as a cord to tye the various parts of the roof together, and 
that to the poſts which ſupport it: thus, with the aſſiſtance of 
the rats, who during the rainy ſeaſon are apt to ſhelter them- 
ſelves there, and to burrow through it, they very ſoon ruin the 
houſe by weakening the faſtenings and expoſing it to the wet. 
In the mean time the poſts will be perforated in every direction 
as full of holes as that timber in the bottoms of ſhips which 
has been bored by the worms; the fibrous and knotty parts, 


which are the hardeſt, being left to the laſt 69, 
They 


(35) The ſea worms, ſo pernicious to our ſhipping, appear to have the ſame 
oftice allotted them in the waters which the Termites have on the land, They 
wilt appear, on a very little conſideration, to be moſt important beings in the great 
chain of creation, and pleaſing demonſtrations of that infinitely wiſe and gracious 
Power which formed, and till preſerves, the whole in ſuch wonderful order and 
beauty : for if it was not for the rapacity of theſe and ſuch animals, tropical 
rivers, and indeed the ocean itſelf, would be choked with the bodies of trees 
which are annually carried down by the rapid torrents, as many of them 
would laſt for ages, and probably be productive of evils, of which, happily , 
Vor. LXX1I, .. A a we 
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They ſometimes, in carrying on this buſineſs, find, I wilt 
not pretend: to ſay how, that the poſt has ſome weight to ſup. 
port, and then if it is a convenient track to the roof, or is itſelf 
a kind of wood agreeable to them, they bring their mortar, 
Wy and fil} all or moſt of the cavities, leaving the neceſſary roads 
18k through it, and as faſt as they take away the wood replace the 
vacahcy with that material; which being worked together by 
them cloſer and more compactly than human ftrength or art 
could ram it, when the houſe is pulled to pieces, in order to 
examine if any of the poſts are fit to be uſed again, thoſe of the 
ſofter kinds are often found reduced almoſt to a ſhell, and all or 
a greater part transformed from wood to clay as ſolid and as 
hard as many kinds of free-ftone uſed for building in England. 
if It is much the ſame when the Termites bellicefi get into a cheſt 

W. - or trunk containing cloaths and other things; if the weight 
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we cannot in the preſent Cons ſtate. of things form any idea *; whereas now 
being conſumed by theſe arirnals, they are more eaſily broken in pieces by the 
waves ; and the fragments which are not devoured. become. ſpecifically lighter, 
and are conſequently more readily and more effectually thrown on ſhore, where the 
ſyn; wind, inſegts, and various other inſtruments, ſpeedily promote their entire 
diſſolution, and reſtore the conſtituent particles to that 
. ——— Mighty hand, 
S Which, ever buſy, wheels the ſilent ſpheres ; 
% Works in the ſecret deep; ſhoots, ſteaming, thence 
** The fair profuſion that o'erſpreads the ſpring : 
6 Flings from the ſun direct the flaming day ; 
Feeds every creature; hurls the tempeſt forth; 
And, as on earth this grateful change revolves, 
© With tranſport touches all the ſprings of life,” THOMSON, 


Y Os, 
; 


That wood will endure in water an amazing number of ages, is apparent from the sat fakes which 
were driven into the bed of the river Thames on the invaſion of this iſland by Julias Ceſar, one of which is 
to be ſeen in Sir ASHTON LEVER's Muſeum, and likewiſe from thoſe bodies of trees which are daily found 
| in the bogs and moraſſes of Great Britain and Ireland, which after a duration, the former of eighteen 
wp hundred, the Itter of upwards of dyd thoufand years, are found in a perfect ſtate of prefervation. 


* above 
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above 18 great, or they are afraid of Ants or other enemies, 
and have time, they carry their pipes through, and replace a 
great part with clay, running their galleries in various direc- 
tions. The tree Termites, indeed, when they get within a 
box, often make a neſt there, and being once in poſſeſſiou deſtroy 
it at their leiſure. They did ſo to the pyramidal box which con - 
tained my compound microſcope. It was of mahogany, and I 
had left it in the ſtore of Governor CAMPBELL of Tobago, for 
a few months, while I made the tour of the: Leeward Iflands. 
On my return I found theſe inſects had done much miſchief in 
the ſtore, and, among other things, had taken poſſeſſion of the 
microſcope, and eaten every thing about it except the glaſs or 
metal, and the board on which the pedeſtal is fixed, with the 
drawers under it, and the things incloſed. The cells were 
built all round the pedeſtal and the tube, and attached to it on 
every ſide. All the glaſſes which were covered with the wooden 
ſubſtance of their neſts retained a cloud of a gummy nature 
upon them that was not eaſily got off, and the lacquer or 
burniſh with which the braſs work was covered was totally 
ſpoiled. Another party had taken a liking to the ſtaves of 
a Madeira caſk, and had let out almoſt a pipe of fine old wine. 
If the large ſpecies of Africa (the Termites bellicofi) had 
been fo long in the uninterrupted poſſeſſion of ſuch a ftore, 
they would not have left twenty pounds weight of wood re- 
maining of the whole building, and all that it contained (37), 


Theſe 


(37) Captain yuiLLIy of the navy, who was ſome time at the Brazils in the 
tervice of Portugal, gives me the following relation. An engineer returned 
from ſurveying the country, left his trunk on a table: the next morning, not 
* only all his cloaths were deſtroyed by white Ants or Cutters, but his papers alſo ; 
and the latter in ſuch a manner, that there was not a bit left of an inch ſquare, 

| | A a 2 | ado 
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| Theſe inſects are not leſs expeditious in deſtroying the 


ſhelves,: wainſcotting, and other fixtures of an houſe, than the 
houſe itfelf. They are for ever piercing and boring in all direc- 
tions, and ſometimes go out of the broadſide of one poſt 
into that of another joining to it; but they prefer and always 
deſtroy the ſofter ſubſtances the firſt, and are particularly 
fond of pine and fir-boards, which they excavate and carry away 
with. wonderful diſpatch and aſtonifhing cunning : for, except a 
. thelf has ſomething ſtanding upon it, as a book, or any thing 
elſe which may tempt them, they will not perforate the ſurface, 
but artfully preferve it quite whole, and eat away all the inſide, 
except a few fibres whieh barely keep the two ſides connected 
together, ſo that a piece of an inch-board which appears ſolid 
to the eye will not weigh much more than two fheets of paſte- 
board of equal dimenſions, after theſe animals. have been a little 
while in poſſeſſion of it G5) G9) 42) (41), In ſhort, the Termites are 


{9 


& The black lead pencils were likewiſe ſo completely deſtroyed, that the: fmalleft 
6 piece, even of the black lead could not be found. The cloaths were. not 
entirely cut to pieces and carried away, but appeared as if moth-eaten, there 
being ſcarce a piece as large as a ſhilling that was free from ſmall holes; and 
« it was further remarkable, that ſome flver can, which was in the trunk, had a 
© number of black ſpecks on it, cauſed by ſomething ſo corroſive that they could 
« not eafily be rubbed off even with ſand,” Queen's-ſquare, Wedneſday, Jan. 
17, 1781, 
(38) % The white Ants are tranſparent. as glaſs, and* bite ſo forcibly, that in 
„ the ſpace of one night alone they can eat their way through a thick wooden 
& cheſt of goods, and make it as full of holes, as if it had been ſhot through 
<4 with hail-thot;,” posman's Guinea, p. 276, 7. 493. | 
(39) moont's Travels, p. 221. 
(49) Voyage de IA Ar aux Ifles, tom. II. p. 331, 
(47) The wood Ants are the moſt pernicious of all others, being ſo very 
* deſtructive to. timber of moſt- ſorts, that, if net prevented, they will in a few 
„ years 
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ſo inſidious in their attacks, that we cannot be too much on 
our guard againſt them : they will ſometimes begin and raiſe 
their works, eſpecially in new houſes, through the floor (42). If 
you deſtroy the work ſo begun, and make a fire upon the ſpot, the 
next night they will attempt to riſe through another part ; and, 
if they happen to emerge under a cheſt or trunk early in the 
night; will pierce the bottom, and deſtroy or ſpoil every thing 
in it before the morning . On theſe accounts we are careful 
to ſet all our cheſts and boxes upon ſtones or bricks, fo as to, 
leave the bottoms of ſuch furniture ſome inches above the 
ground ; which not only prevents theſe inſets finding them 
out ſo readily, but preſerves the bottoms from a eorroſive damp 
which would ſtrike from the earth through, and rot every 
thing therein: a vaſt deal of vermin alſo would harbour under, 
ſuch as Cock-roaches, Centipedes, Mulepedes, Scorpions, Ants, 
and various other noiſome inſects. 

When the Termites attack trees and branches in the open air, 
they ſometimes vary their manner of doing it. If a ſtake in a 
hedge has not taken root and vegetated, it becomes their buſi- 
neſs to deſtroy it. If it has a good ſound bark round it, they 


years time deſtroy the whole roof of an houſe, eſpecially if it be of ſoft tim- 
* Der, They have likewiſe caufed great Toffes to ſhop-keepers, by boring 
„through whole bales: of linnen as well as woolen cloths. avcnts's Barbadoes, 
p. 93. 

(42) The floors are generally made of the ſtone. or has taken from the hills 
raiſed by theſe inſets, which, being moiſtened with water, and mixed by treading, 


is beaten level, fmooth, and compact, with their feet and a kind. of hand-bat or 
beetle, 


(43) „ One night, in a few hours, they pierced one foot of the table, and 
** (having in that manner aſcended) carried their arch acroſs it, and then 
down through the middle of the other. foot into the floor, as good luck would 


** have it, without doing any damage to the papers left there,” KEMprER Hiſt, 
Japan, vol. II. P. 127. 
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will enter at the bottom, and eat all but the bark, which will 
remain, and exhibit the appearance of a ſolid ſtick (which ſome 
vagrant- colony of Ants or other inſects often ſhelter in till 
the winds diſperſe it) ; but if they cannot truſt the bark, they 
cover the whole ſtick with their mortar, and it then looks ag 
if it had been dipped into thick mud that had been dried on. 
Under this covering they work, leaving no more of the ſtick 
and bark than is barely ſufficient to ſupport it, and frequently 
not the ſmalleſt particle, ſo that upon a very ſmall tap with 
your walking ſtick, the whole ſtake, though apparently as thick 


as your arm, and five or fix feet long, loſes its form, and 


_ diſappearing like a ſhadow falls in ſmall fragments at your 


feet, They generally enter the body of a large tree which 
has fallen through age or been thrown down by violence, on 
the fide next the ground, and eat away at their leiſure within 
the bark, without giving themſelves the trouble either to 
cover it on the outſide, or to replace the wood which they have 
removed from within, being ſomehow ſenſible that there is no 
neceſſity for it. Theſe excavated trees have deceived me two or 
three times in running: for, attempting to ſtep two or three feet 
high, I might as well have attempted to ſtep upon a cloud, and 
have come down with ſuch unexpected violence, that, beſides 
ſhaking my teeth and bones almoſt to diſlocation, I have been 
precipitated, head foremoſt, among the neighbouring trees 
andbuſhes. Sometimes, though ſeldom, the animals are 


known to attack living trees; but not, J apprehend, before 


ſymptoms of mortification have appeared at the roots, ſince it is 
evident, as is before obſerved, that theſe inſects are intended in 
the order of nature to haſten the diflolution of ſuch trees and 
vegetables as have arrived at their greateſt maturity and per- 

5 | fection, 
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fection, and which would, by a tedious decay, ſerve only 
to encumber the face of the earth. This purpoſe they anſwer 
ſo effectually, that nothing periſhable eſcapes them, and it is 
almoſt impoſſible to leave any thing penetrable upon the ground 
a long time in fafety ; for the odds are, that, put it where you 
will abroad, they will find it out before the following morning, 
and its deſtruction follows very ſoon of courſe. In conſequence 
of this diſpoſition, the woods never remain long encumbered 
with the fallen trunks of trees or their branches; and thus it 
is, as I have before obſerved, the total deſtruction of deſerted 
| towns is ſo effectually completed, that in two or three years a. 
thick wood fills the ſpace ; and, unleſs iron-wood poſts have been 
made uſe of, not the leaſt veſtige of an houſe is to be diſcovered. 

The firſt object of admiration which ſtrikes one upon open- 
ing their hills is the behaviour of the ſoldiers. If you make a 
breach in a flight part of the building, and do it quickly with a 
ſtrong hoe or pick-axe, in the ſpace of a few ſeconds a ſoldier 
will run- out, and walk about*the breach, as if to ſee whether 
the enemy 18 gone, or to examine what is the cauſe of the attack. 
He will ſometimes go in again, as if to give the alarm: but 
moſt frequently, in à ſhort time, is followed by two or three 
others, who run as faſt as they can, ſtraggling after one ano- 
ther, and are ſoon followed by a large body who 'ruſh out as 
faſt as the breach will permit them, and ſo they proceed, the 
number increaſing, as long as any one continues battering 


their building (%. It is not eaſy to deſeribe the rage and 
fury 


(44) «6 They throw up little hills of ſeven or eigltt feet high, ſo very full of 
holes that they rather ſeem like honey-combs than burrows. Theſe Ant hills 
are of a very {mall cire umference in proportion to their height, being ſharp at top, 


* ſo that to Judge by the looks of them one would think the wind could blow them 
<0 down, 
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fury they. "Rp In their hurty; they frequently miſs their 
hold, and tumble g down the, ſides of the hill, but recover them- 
ſelves as quickly a8 poſfible; and, being blind, bite every 


thing t tl y rpn againſt, and thus make a crackling noiſe, while 
tome of them beat repzatedly with their forceps upon the build- 


57 


ing, and make a {mall vibrating noiſe, ſomething ſhriller and 


quicker than the ticking of a watch : I could diſtingaith this 


noiſe at three. or four feet diſtance, and it continued for a minute 


at a time, with ſhort intervals. While the attack proceeds they 
are in the, moſt violent buttle and agitation. If they get hold of 


any 0 one, they will in an inſtant let out blood enough to weigh 


againſt their whole. body; and if it is the leg they wound, you 
will ſee the ſtam upon the ſtock king extend an inch in width, 
They make their hooked jaws meet at the firſt ſtroke, and never | 
quit their hold, but ſuffer themſelves to be pulled away leg by 
leg, and piece after piece, without the leaſt attempt to eſcape. 
On the other hand, keep out of their way, and give them no 
interruption, and they will in leſs than half an hour retire into 
the nelt, as if they ſuppoted the wonderful monſter that da- 
maged their caſtle to be gone beyond their reach. Before they are 
all got in you will fee the labourers in motion, and haftening 
in various directions toward the breach: every one with 
2 burthen of mortar in his mouth ready tempered. This they 
ſtick upon the breach as faſt as they come up, and do it with 
ſo much diſpatch and facility, that although there are thou- 
ſands, and I may fay millions, of them, they never ſtop or 


% down. Lone day attempted to knock off the top of one of them with my cane, 
© but the ſtroke had no other effect than to bring ſome thouſands of the animals 
& out of doors, to ſee what was the matter: upon which I took to my heels and 


56 ran away as faſt as I could.” sMITEH“'s Voyage to Guinea. 
embarrals 


mortar either to lift or carry it ; one, in particular, places him 
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embarraſs one another ʒ and you are moſt agreeably deceived 
when,- after an apparent ſcene of hurry and confuſion, a tegu- 
lar wall ariſes, gradually filling up the chaſm. While they are 
thus employed, almoſt all the ſoldiers are retired quite out of 
fight, except here and there one, who faunters. out amon among fix. 
hundred or a thouſand of the labourers, but nevet touches the 


ſelf cloſe to the wall they are building. This ſoldier will tun 
himſelf leiſurely on all ſides, and every now and then, at inter- 
vals of a minute or two, lift up his head, and with his forceps 
beat upon the building, and make the vibrating noiſe before 
mentioned; on which immediately a loud hiſs, which appears 
to come from all the labourers, iſſues from within ſide the 
dome and all the ſubterraneous caverns and paſſages: that it 
does come from the labourers is very evident, for you will ſee 
them all haſten at every ſuch ſignal, redouble their pace, and 
work as faſt again. | 8 
As the moſt intereſting experiments become dull by repetition 
or continuance, ſo the uniformity with which this bufineſs is 
carried on, though ſo very wonderful, at laſt ſatiates the mind. 
A renewal of the attack, however, inſtantly changes the ſcene, + 
and gratifies our curiofity ſtill more. At every ſtroke we hear a 
loud hiſs ; and on the firſt the labourers run into the many pipes 
and galleries with which the building 1s perforated, which they 
do fo quickly that they ſeem to vaniſh, for in a few ſeconds all 
are gone, and the ſoldiers ruſh out as numerous and as vindictive 


as before (49), On finding no enemy they return again leiſurely 
; into 


(45) By the ſoldiers being ſo ready to run out upon the repetition of the 
attack, it appears, that they but juſt withdraw out of fight, to leave room for 
the labourers to proceed without interruption in repairing the breach, and in this : 

Vor. LXXI. B b mitance 
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into the cis 8 the e ee e -AS 
at firſt; as ative arid as fedulous,. with :foldjers -here and there 
among them, ho act juſti im the ſame] manner, one or other 
of them iꝑiviug the ſignal t baſten the, bufineſs. Thus the 
pleaſure of ſceing them cbme out to fight or to work alter 
nately may be obtained as often as curioſity excates or time 


permits : pd ĩt will certainly be found, that the one order never 


attempts to fight, or the veher to work, let the emergency be 
ever ſo great. int, 

W'̃ meet vaſt Aud | in examining the interior parts of 
theſe tumuli. In the firſt place, the works, for inſtance, 
the apartments which ſurround the royal chamber and the 
riif{cries, ' and indeed the whole internal fabric, are moiſt, 
and conſequently the clay is very brittle: they have alſo ſo 
cloſe a connexion, that they can only be ſeen as it were by 
piece-meal ; for having a kind of geometrical dependance or 
abutment againſt each other, the breaking of one arch pulls down 
two or three. To theſe obſtacles muſt be added the obſti- 
nacy of the ſoldiers, who fight to the very laſt, diſputing 
every inch of ground ſo well as often to drive away the 
negroes who are without ſhoes, and make white people 
bleed plentifully through their ſtockings. Neither can we 
let a building ſtand ſo as to get a view of the interior parts 
without interruption, for while the ſoldiers are defending the 


inſtance they ſhew more good ſenſe than the bulk of mankind, for, in caſe of a con- 
flagration in a city, the number of people who aſſemble to ſtare is much greater 
than of thoſe who come to afliſt, and the former always interrupt and hinder the 
latter in their efforts, The ſudden retreat of the labourers, in caſe of an alarm, 
is alſo a wonderful inſtance of good order and diſcipline, ſeldom ſeen in populous 
cities, where we frequently fiud helpleſs people, women, and children, without 
any ill intention, intermixing in violent tumults and dangerous riots. 


2 out-works, 
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ut works, the labourers keep barricadoing. all thgwayagaiyſtus, 


topping up the different galleries ag. paſſages Nhich lead ta the 
various apartments, particularly the royal chamber, all the en- 


trances to which they fill up ſo artfully as not ta let it be diſſinß 


guiſhable while it remains moiſt; and externally it it has no other 
appearance than that of a ſhapeleſs lump! of clay. W. lt! 13, however, 
eaſlly found from its ſituation with reſpect te, the other parts of 
the, building, and by the crouds of, labourers and ſoldiers. which 
ſyrround it, who ſhew their loyalty and fidelity by dying un- 
der its walls. The royal chamber in a large neſt is capacious 
enough to hold many hundreds of the attendants, beſides the 
royal, pair, and you always find it as full of them as it can 
hold. Theſe faithful ſubjects never abandon their charge 
even in the laſt: diſtreſs; for whenever I took out the royal 
chamber, and, as I often did, preſerved it for ſome time in 3 
large glaſs bowl, all the attendants continued running in one 
direction round the king and QUEER.) with the utmoſt ſolicitude, 
ſome of them ſtopping on every circuit at the, head of the latter, 
as if to give her ſomething, .. When they came to the extre- 
mity of the abdomen, they took the eggs from her, and carried 
them qway, and piled them carefully together in ſome part, of 
the chamber, or in the bowl under, or behind any . pieces; of 
broken day which lay moſt t convenient beste rage — 


it 900 125 007 totem! 2lc0ongd II egg of 1511 C. r 
A In tab. VII. . bg. 2 2, and 4. the entrances of the royal as, now exhi- 


bited, are repreſented open, They were att ſhut by "the labdurers before. Had! 
got t6 it, and were Opened fince 1 4irived in England! rod or chret bf them, 
hokbver; are not quite open inl the chamber itſelf, and that next the breach at A, 
and marked with a crofa O. is-; fall; Jef nut, a 2 ſpecimen, of the fyagner. in 
which they; « do 1 it. have, alſo mare royal chambers. and various Den of the 


Fats * 


1 buildings, with ſeveral | galleries 27 paſſages, ſhut © op while We were 
TISGE +a . | \ j 21 ( 111 A xx „„ 
attacking the neſt. etz VEL2 % 29990 ; 
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in proportion to the&queen, not being bigger than thirty of the 
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Some of theſe little unhappy creatures would n 
the chamber, as if to explore the cauſe of ſuch à hôrrid rum 


and cataſttophe to their ĩmmenſe building, as it muſt appear to 


them; and; after fruitleſs endeavours to get over tlie ſide 
of the bowl, return and mix with the croud that continue 
running round their common parents to the laſt (tab. VIII. fig; 
4. B.). Others, placing theinfelves along her fide, get hold of 
the. queen's vaſt matrix with their jaws, and pull with all their 
ſtrength ſo as viſibly to lift up the part which they fix at; but, 
as Tnever ſaw any effect from theſe attempts, I never could 
determine whether this pulling was with an intention to remove 
her 3 or to ſtimulite her to move herſelf; or for any other 
purpoſe; but , after” many ineffectual tugs, they would deſiſt 
and join in E croud running round, or aſſiſt ſome of thoſe 
who are cutting off clay from the external parts of the cham- 
ber or ſome of the fragments and moiſtening it with the 
juices of their bodies, to begin to work a thin arched ſhell 
over the body of the queen, as if. to exclude the air; or to hide 
her from the obſervation” of ſome enemy. Theſe, if not in- 
terrupted, before the next morning, completely cover” her, 
leaving room enough within for great numbers tõ run about her. 

Ido not mention the king in this caſe, becauſe: he ãs very ſmall 


labourers, ſo that he generally conceals himſelf under one ſide 
of the abdomen, except when he goes up to the queen's head, 

which he does now and then, but. not ſo frequently as the tell. 
If in your attack on the hill you ſtop ſhort of the royal cham- 
ber, and cut down about half of the building, and leave open 
ſome thouſands of galleries and chambers, they will all be ſhut 
up with thin ſheets of clay before the next morning. * even 
the whole is pulled down, and the different buildings are thrown 


4 | in 
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in a confuſed heap of ruins; provided the kingtand queen are 
not deſtroyed bor taken away, every interſtieę between the ruins, 
at which either cold or wet can poſſibly entet, will be ſo covered 
28 to exclude both, and, if the animals are left undiſturbed, 
in about a year they will raiſe the N to near its priſtine 
ſize and grandeur. 

The marching Termites are not leſs curious in their order, as 
far as I have had an opportunity of obſerving them, than thoſe 
deſcribed before. This ſpecies ſeems much ſcarcer and larger 
than the Termes bellicaſus. I could get no information relative 
to them from the black people, from which I conjecture they: 
are little known to them: my ſeeing them was very accidental. 
One day, having made an excurſion with my gun up the river 
Camerankoes, on my return through the thick foreſt, whilſt I was 
ſauntering very ſilently in hopes of finding ſome ſport, on a ſud- 
den I heard aloud hiſs, which, on account of the many ferpents 
in thoſe countries, is a moſt alarming ſound. The next ſtep 
cauſed a repetition of the -naiſe, which I ſoon recognized, and 
was rather ſurpriſed ſeeing no covered ways or hills. The 
noiſe, however, led me a few 'paces from the path, where, to 
my great aſtoniſhment and pleafure, I ſaw an army of Ter- 
mites coming out of a hole in the ground, which could not be 
above four or ſive inches wide. They came out in vaſt num- 
bers, moving forward as faſt ſeemingly as it was poſſible for them 
to march. In leſs than a yard from this place they divided into 
two ſtreams or columns, compoſed chiefly of the firſt order, 
which I call labourers, twelve or fifteen a- breaſt, and crouded 
as cloſe after one another as ſheep in a drove, going ſtraight 
forward without deviating to the right or left. Among. theſe, 
here and there, one of the ſoldiers was to be ſeen, trudging, 
along with them, in the ſame manner, neither ſtopping 
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of the head) and ſeemed as ſolicitous to keep their poſts as regular 
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or turning þ and as he carried his enormous darge hend with ap- 
— he put me in mind of a very large ox ãmidſt a 
lock of ſheep. While theſe were buſtling along, a great many 
ſoldiers were to be ſeen ſpredd about on Both ſides of the two lines 
of march, ſome a foot or two diſtant, ſtanding ſtill or fauriter. 
ing about as if upon the look out leaſt ſome enemy ſhould ſud- 
denly come upon the labourers. But the moſt extraordinary 
part of this march was the conduct of ſome others of the fol: 
diers, who having mounted the plants which grow thinly here 
alid there in the thick ſhade, had placed themſelves upon the 
points of tlie leaves, which were elevated ten or fifteen inches 
above the ground, and hung over the army marching below. 
Every now and then bne or other of them beat with his forceps 
upon the leaf, and made the ſame ſort of ticking noiſe which! 
had ſo frequently” obſerved to be made by the ſoldier who acts 
the part of a ſurveyor or ſuper- intendant when the labourers 
are at work repairing a breach made in one of the common hills 
of the Termites -bellicefi. This ſignal among the marching 
white Ants produced a ſimilar effect; for, whenever it was 
made, the whole army returned à hiſs, and obeyed the ſignal 


dy increaſing their pace with the utmoſt hurry. The ſoldiers 


who had mounted aloft, and gave theſe fignals, ſat quite ſtill 
during the intervals (except making now and tien a flight turm 


centinels. The two columns of the army joined into one about 
twelve or fifteen paces from their ſeparation, having in no part 
been above three yatds aſunder, and then deſcended into the earth 
by two or three holes. They continued marching by me for above 
an hour that Iſtood admiring them; and ſeemed neither to increaſe 
or r diminiſh n ane. the ſoldiers only excepted, who 
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 quitted..the, Ine of march, _andplaced .th emſelres 5 Aifferent 
$ſtances on each fide of the, two \ columas.; far th hey appeared 
nuch more numerous: befoge I, quitted the. ſpat. Nat ex peck- 


ing to fee any change in their march, and being pinched fo, 
tine, the tide being nearly up, and our departure fixed at 


high water, I quitted | the ſcene with ſome regret, as the obſer- 
vation of a day or two might have' afforded me the opportunity 
of exploring the reaſon and neceſſity of their marching with 
ſuch expedition, as well as of diſcovering their chief ſettlement, 
which 1s probably built in the ſame manner as the large hills 
before deſcribed. If ſo, it may be larger and more curious, as 
theſe inſects were at leaſt one-third larger than the other ſpecies, 
and conſequently their buildings muſt be more wonderful if 
poflible : thus much is certain, there muſt be ſome fixed place 
for their king and q gueen, and the young apes? + Of theſe ſpe- 
cies I have not ſeen the perfect inſect. 

The œconomy ef nature is wonderfully iſglayed 3 in a com- 
parative obſervatign dn tlie different ſpecios who are calculated. 
to live under grocmd until they have wings, and this ſpecies 
which marches in great bodies in open day. The former, in 
the two firſt ſtates, that is, of labourers and' ſoldiers, have no. 
eyes that I could ever diſcover ;. but when they arrive at the 
winged or perfect ſtate in which they are to appear abroad, 
though only for a few hours, and that chiefly in the night, 
they are furniſhed with two conſpicuous. and fine eyes :. 
ſo. the Termes viarum, or marching Bugga Bugs, being in- 
tended to walk in the open air and light, are even in the firſt 
ſtate furniſhed with eyes proportionably as fine as thoſe 
which are given to the winged or perfect inſets of the 
other ſpecies. 
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xII. An Account of ſeveral Earthquates felt in Wales. By 


Thomas Pennant, E/q. F. R. S. in a Letter to Sir Joſeph, 


Banks, P. R. S. 


8 


Read January 25, 1781. 


Downing, 


DEAR SIR 
y Dec. 12, 1781. 


Ti 15 very fingular, that in three * after my return home 


I ſhould be reminded of my promiſe by a repetition of the 
very phenomenon on, which I had engaged. to write to you: 
for on Saturday laſt, - between four and five in the evening, we 
were alarmed with two ſhocks of an earthquake ; ; a ſlight one, 
immediately followed. by another very violent. It ſeemed to 
come from the north-eaſt, and was . by the uſual noiſe ; 

The aha preceding this was on * zgth of Au- 
guſt laſt, about a quarter before nine in the morning. I 
was fore-warned of it by a rumbling noiſe not unlike the 
coming of a great waggon into my court-yard. Two ſhocks 
immediately followed, which were ſtrong enough to terrify us. 
They came from the north-weſt ; were felt in Angleſea, at Caer- 
narvon, Llanrwſt, in the iſle of Clwyd ſouth of Denbigh, at 
this houſe, and in Holywell ; but I could not diſcover that 
their force extended any farther. 

The next in this retrograde way of enumerating theſe phe- 
nomena was on the 8th of September 1775, about a quarter 
Vol. LXXI. e n 


* * — = — 923 0 * 
4 ** 1 1 — ” F 
i —_— how. * pa — - _ _ mm." Y 7 8 8 
S S IEEE 6 „„ r 2 Is Dork 7 F: 
r 0 ' L \ 4 4 g 1 89 
4 "= d -.d q > 


A o * - % IF 
— * — by a. 
Ra F 4 — Tok A ——— 


194 Mr. pENNANT's Alcoun / bf ſeveral Earthquakes. 1. | 
before ten at night, the noiſe was ſuch as preceded the former; 0 
and the ſhock ſo violent as to ſhake the bottles and glaſſes on 
the table round which myſelf and ſome company were utting, 
ed to come from the eaſt. I ſee in the Geatleman's 
Magazine of that year, that this ſhock extended to Shropthc 
and quite to Bath, and to Swanſea in South Wales. 
The earlieſt earthquake I remember here was on the 1oth of 
April 1750. It has the honour of being recorded in the Philo- 
ſophical Tranſactions, therefore F ſhall not trouble you with 
the repetition of what I have ſaid. 

Permit me to obſerve, that I live near a mineral country, m 
a ſituation between lead mines and coal mines; in a ſort of 
neutral tract, about a mile diſtant from the firſt, and Half a 
mile from the laſt. On the ſtricteſt inquiry I cannot diſcover 
that the minets or colliers were ever ſenſible of the ſhocks 
under ground: nor have they ever perceived, when the fhocks 
in queſtion have Happened, any falls of the looſe and ſhattery 
ſtrata, in Which the laſt eſpecially work; yet, at the ſame 
tine, the earthquakes have hal viblence ſufficient to terrify 
the inhabitants of the furface. Neither were theſe local ; for, 
excepting the firſt, all may be traced to very remote parts. The 
weather was tematkably Mill at the time or A earthquake 
I have felt. 2 — ; 


remain, with true regard, &c. 


— — — 


- * * \ E 4 195 ] x 
N * „ 8 % ( P » 7 K . _— "+ = wi 
an 1.30 8 1K ra Na 51 
* P 938 
* | 1 
. "= of © 


XII. Extract of a Letter from ibs Bighs Hoiourable Phitip 
Earl Stanhope, F. R. S. to Mr. James Claw, Profeſſor of 
Philoſophy in the Univerſi ity ef, Glaſgow. Dated dene 
e 16, 1777. 


Read June 10, 1780. 


HAVE lately made ſome curious obſervations concerning 
the roots of adfected equations, part of which have oc- 
curred to Meſſieurs DANIEL BERNOULLI, EULER, DE LA 
GRANGE, LAMBERT, and others; but ſome of them, I be- 
lieve, are quite new. I will give you one inſtance of a qua- 
dratic equation, as the ſimpleſt. © - 

Let the quadratic equation 11xx=1 15x+ 5=0, be propoſed. 


I fay then, that if two recurring ſeries be formed from the 


fractions IE, 233%, Which have a common denomi- 
I — Z%— 22 1—2— 228 

nator, and each ſeries of coefficients, continued both ways 

(that is, as well before, as after the firſt term) the fractions 

formed by dividing each term of the firſt ſeries by the cor- 


reſponding term of the nde ide VIZ. 


_ > a _ n 
. 6, , 92 
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will converge in the ſimpleſt manner poſſible; thoſe before the bar, 


ö * 
in a retrograde order to the greater root 5 L - and thoſe after 


the bar, in a direct orderto the ſmalleſt root - I; whereit is to 
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196 Earl sr ANHOPE 0% , Equations. 
be obſerved, that the greater root is affirmative, notwithſtang. 
ing the fign —- being prefixed to fome of the terms, becauſe 
in each fraction the numerator and the denominator are affected 
by the ſame ſign, whether + or — 
The chief improvement I ke made confifts in approxi- 
mating to two roots at once, by one and the ſame ſeries, con- 
tinued backwards as well as forwards. I have not time to en- 
large upon this ſubje& at preſent ; but the little I have faid 
will be a ſpecimen of the method to be uſed in higher 
equations. 


, 
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XIV. Extract of Two Meteorological Journals of the Weather ob 
ſerved at Nain in 57* North Latitude, and at Okak in 57 20! 
North Latitude, both on the Coaſt of Labradore. Communi- 
cated 7 Mr.. De la Trobe. 


Read March 8, 1781. 


THERMOMETER AT OK AK. 


1779 Hege. Lowell. | 


78,0 | 37,0 
74,0 32,0 
4590 11,0 
36, | 15,0 
31,0 12,0 
35» 13,0 
330 | 17,0 
45, | 14,0 
57.0 9.0 | 
$5,0 23,0 [ 
68,0 33, 
8420 38,0 2 


Ther- 


— 


Journal of the Weathir at Nain, Ce. 


hb Thermometer at Nain. | Barometer at Naim, 
1778 Higheſt | Loweſt | Mean. Higheſt. | Loweſt. | Mean, 
September '| 68,0 35,0 | 46.3 28,43 | 27,10 28,1,3 1 
October 60,0 | 15,0 35,1 26,8 | 27,4 28,2, 
rp coma | 37,0 ö 5.0 | 25,4 25,5 ©} $9,3' | 28,0,2 
December 28,0 30,0 1,9 28,7 27,2 28, 2,4 
1779 4 St 
January { 13,0 29,0 14,3 28,8 20,11 | 28,1,4 
February 13,0 36,0 13,2 28,51 27,5 ä 27,959 
[March 29,0 20,0 5,0 28,7 | 27,5 | 28,2.8 
April 51,0 $,0, | 29,7 28.03 | 27,31 28,1,9 
May 63,0 22,0 34,9 28,74 27,9128, 2,0 
June 71,0 32,0 42,2 28,3 | 27,8 28,2,5 
July 36,ẽ,ů | 48;2 [ 28;35 2, | 28,19 | 
Auguſt 78,0 | 38,0 52,0 28,5 27,8 28,1, 
September 74,0 35,0 45.4 28,6 27,5 ¼28, 1,4 
ctober 47,0 14,0 | '33,6 28,0 | 27,44 28,2,5 
[November 36, o 9,0 27,3 28,5 27,2 | 28,6,1 
December 325,0 13,0 111 28,34 27,11 28,30 
| 1780 3 
January 3570 16,0 13,4 28,2 26,6 27,68 
February 32,0 23,0 9,7 28,55 | 26,10 | 27,9,5 
[March 39,0 18,0 10,0 28,8 2793 | 28,1,9 
April | 45,0 4, o 28,2 28,82 27,7 | 28, 3,7 
May 53,0 23,0 37,6 28,64 27,9 | 28,3,1 
June 61,0 32,0 43,1 28,3 26,11 28,0,5 
[July 84,0 39,0 52,2 28,12 | 27,5 | 28,1,3 
Auguſt 70,0 37.0 50,4 28,31 27, 5 .| 28,1,0 | 
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Fair, 
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Cloudy, 


Fine, 


Froſty, 
Froſty. 
Fine. 

Cloudy. 
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Cloudy, 


Foggy and froſty, 
Foggy. 
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Foggy and rain, 
Cloudy. 


Fair and froſty. 


Cloudy and ſnow. 


Foggy and ſnow.” 
Fair and froſty. 


Fine. 


Fine. 


Fair and froſty. 
Fair and froſty. 
Fair and froſty. 
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Rainy. 


Foggy and cloudy, | 
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Time. I herm. Therm. Barom. [Rain. | Wind. 5 
without] within. | 144 | 
| — — — ä — — — — Weather, 
H. M. Inches. Inch. | Points. Str./ | 
an. 17] 8 © 37,0 28,73 ſo, o | SW | 1 [Cioudy. NJ 
5 2 © 40,5 55 | W by NI 21 | 
18] 3 © | 38,0 [28,92 [0,042] NE | 1 |Cloudy. 
18 0 39,5 28,97 SW | 1 Cloudy. 
198 © 39,0 29, 14 [0,214] NE | 1 Cloudy. 
2 0 37,5 [29,28 NE | 1 Cloudy. 
20] 8 © 38,0 [29,37 ſo, 150 N by E| 1 Kain. 
2 © 309,0 [29,43 | NE | 2 Rainy. 
21] 8 © 37,0 29,77 [0,066 2 Fair. 
2 ol 38,5 [29,86 2 [Fine. . 
| 22| 8 of 25,0 | 33,0 30, oo 1 [Fair and froſty. 
| | 2 of 32,0 35,0 30, oo 1 Fine. 
23] 8 of 24,0 | 31,0 [30,00 1 |Fair and froſty, 
2 of 28,0 | 32,5 [30,05 I. | Foggy. 
24] 8 of 26,5 | 31,0 [30,01 1 Fair and froſty, 
2 of 34.0 32, 5 [29,99 1 |Fine. 
25] 8 of 29,0 | 30,0 30, 12 1 Fair and froſty, 
2 . of 35,5 | 33,5 30, 06 1 [5n0w. 
26] 8 o] 31,031, [29,95 2 |Cloudy. 
2 0 34:5 | 32,5 [29,95 1 [Cloudy and ſnow, 
27] 8 of 28,0 | 32,0 [29,90 1 |Cloudy with ſnow, 
2 0 37,032, 5 29,92 1 [Cloudy and ſnow, 
28] 8 o] 30,0 | 32,5 [29,92 1 |Cloudy. 
2 0 32,5 | 34,9 29,90 1 |Clouvy. 
29] 8 of 31,5 | 32,0 29, 80 1 |Cloudy. 
2 o] 35,0 | 34,5 29, 74 1 |Cloudy. 
30| 8 of 29,0 | 31,0 [29,66 2 |Cloudy. 
2 o] 30,0 | 32,0 [29,60 2 [Cloudy. 
31 8 © 30,5 31,0 [29,74 3 Cloudy. 
3 2 of 34,0 | 33,0 [29,71 | n 


Fo 
4.23 * - 
- * 4 LO * * 


1 


— ue Þ. 7 ' * a 


„ 


* — — , 2 
2 D — caglke T5 
N 


5 3 ar» 


k "4 
* 


* 


| l 
- 
44Y 
bo J 
bY P | 
\ % 


* 
1 Hp” Fog 
4 


— 4 — —— | | | 
Fe altar BEA 
* - p & els”, 2 3 - 


_— 
— 
_—_— — — 


MET EOROLOG 


9 to | | 
1 52 ] 


ICAL JOURNAL 


for February 1780, 


— 


| 


2 


S 


—_— 


ons COD CO OD OD oo cod COD o o CCD Qo&Þh o COND 0 © 
00000 


__ 


0000000000 


— CE 


Ml A er... mm. 


9200 ,ę 2 22 


Therm. Therm. . [Rain. | Winds. 
without within. 
— | — — Weather. 
Inches. Inch. Points. Str. 
32, NE Cloudy. 
33.0 NE Cloudy. "If 
31,0 N by E Fair, 
34,5 NE Fair. 
325, 5 | NW Fair. 
345 | | NW Cloudy. 
33,0 | SW Fair, 
3555 68 8 by W Eine. 
33,0 | NE | 1 Fine. 
35,0 SE Fine. 
34,0 ,210| NE | 1 Rainy. 
35-0 WSW | 1 [Rainy and foggy. 
30,0 8 [0,034] NW Fair, 
33,0 NW Fine. 
36,0 0,022| SE Fair. 
48,0 SE | 1 Fine. 
39,0 „2708S by W Cloudy. 
42,0 | 8 by E Cloudy. 
44,5 „015 SW Cloudy. 
46,5 | SW Cloudy. 
45,5 NE Cloudy. 
45,5 ENE Fine, 
42,0 NE Cloudy. 
43,0 | ENE Cloudy. 
40,5 NE Fair. 
42,0 | NE Fair, 
39,5 N by W Cloudy. 
41,5 N by WII Cloudy. 
39,5 | N by W Fair. 
40,0 N by W Cloudy. 
39,0 NW Fair, 
42,0 | | NW | 1 [|Fair, 
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METEOROLOGICAL JOURNAL - 
for February 1780. 
BAS Ti N nr enoYl Tr a N . 
Time.|Therm.|Therm.| Barom. ] Rain. i a | 
{1  - |withoutſwithin. | 
— * 1 REY Weather, 
1:8 "= W | Inches. Inch. Points. Str. 
1 k p — ——- — in * 
8 9 32.0 38,0 30, 19 S by E | 1 |Foggy. 
| 
2 0 38,5 38.8 30, 25 SE | 1 |Foggy and cloudy. 
8 of 35,0 | 38,5 {30,06 SW II [Cloudy, 
2 9 41,0 | 41,0 29,92 | SW [| 1 Cloudy. 
8 o. 36, | 40,5 40,41 jo,030| NE 1 Eine. 
2 © 42,0 [29,49 W II Fair. 
8 © 37,0 29, 56 NW | 1 Fine. 
2 © | 37,0 129,57 | NNW | I Snow. 
8 0 | 33,0 29,72 NW | 2 Fair. 
2 0 36,0 | 35,5 29,78 NW | 2 Fine. | 
8 o 28,0. | 32,5 [29,86 NW | 2 Fise. | 
2 0 39,0 37,5 [29,94 NW [1 Fine, | 
8 01 28,0 | 32,5 30, 18 NNW | 1 IFine. | 
2 ©] 38,0 | 35,0 [30,24 NW. II [Fine. | 
8 0 34,0 | 349 30, 23 SSW | 1 Cloudy. 1 
2 90 41,0 | 36,0 30, 27 SW I — 429 
8 of 41,0 | 38,5 [30.06 ſo, 18] SW | 2 Clou . N 
2 01.47,0 | 49,9 29,88 SW | 2 Cloudy. | 
8 0|.26,5 | 35,0 29,83 fo, a8] NW | 3 [Fine. | 
2 0 32,5 | 35,5 30,08 NE | 3 [Fine. | 
8 ©| 34,9 | 34:5 29,99 SW | 2 Snowy. | 
2 0 42,0 | 36,5 [29,82 SSW | 1 Cloudy. 
8 of 42,0 | 40,0 129,92 [0,034] WSW| 1 Cloudy. 
2 0 53,5 | 445 [29.95 | | WSW| 2 Fine. 
8 0. 40, 0 | 46,0 [29,91 W by S| 1 Fair. 
2 o 50,0 | 41,0 [39,03 | SW [| 1 F ine. | 
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for March 1780. 


/ 
Weather, . 
1 Fine. — 
1 Fine. 2 
2 Cloudy. 1 
2 Rainy. 2 
i Fine. 1 
1 Fine. N 
1 Cloudy and rain. *y 
1 Cloudy. 1 1 
1 Cloudy. | 1 | 
I Cloudy: * : 
2 Fine. | 1 
1 Fine. 1 
1 Fine. 9 
1 Fair. 1 y 
1 Fine. 4 i 
1 Fine. ; f 
I Fine. | > 
I Fair. 1 
I It air. 4 5 Fr 
1 Fair. 4 i 
* Finc. 5 
I Fair. 
1 Rainy. 
2 Fair. 
2 Fair. 
1 Fair. 
I |Showery with ſun-ſhine, 
1 Fine. | 
1 [Rainy. of 1 


MET Ev- 


IMK T EOROLOGI CAL JOURNAL 
1 
for Aptil 1790. 
Time. Thertn. I Herm. Barom Rain.“ Winds. 
withoutſwithin. 17 | P 
— — — ib —⅛4 . Weather. 
2 Inches Inch. Points. Str. 
* OTE? SOIT e | — . 1 | | 
29,88 0,324 N by E| 1 Fair. 
29,87 SoE | 1 Fine. 
29,51 o, 014] SE | 1 Cloudy. 
29,21 SSE |} 1 Rainy. 
28,81 ſo, 3333 WSW | 1 Cloudy. 
| [28,88 {| NNW | 1 Rainy. 
29,30 [0,010 1 Fine. 
129,45 S 2 Fine. 
29,48 0,016 I Fine. 
129,50 1 )Snow. 
129,68 . 1 Fine. 
29,83 1 Fine. 
29,81 , o10 1 Fair. 
29,72 1 Fine. 
29571 I Fine. 
129,80 WII Fair. 
30, o8 0,020 | NNE | 2 Fine. 
| 30,12 ENE | 1 Fine. 
30,17 SE Fair. 
30, 10 E by N] 1 Fair. 
29,7 [0,050] S by EI Rainy. 
o 129,79 SE | 1 Rainy. 
29,59 o, 150 NW | 1 Fine. 
129,40 W by NI 1 Cloudy. 
29,57 o, 250 NNE | 2 Fine. 
29,69 1 NNE | 2 (Rain. 
29,72 ſo, 38 NW | 2 Fair. 
- [29,75 | | NW | 2 Fair. 
29,75 WoW | 1 Cloudy: 
29,74 W by NI 1 Cloudy. 
29,62 o, 35 NW | 2 Fine. 
29,67 WNW |} 2 Fine. 
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—TTime. [Therm.[Therm]Barom, | Rain. | Winds. | © | 
without|within. | W_ 
— — —— — —— Weather. 
H. M. Inches. Points. Str. 
— — —— * 7 1 — 
Apr. 17 7 of 43,0 | 46,5 | 29,38 | 0,08c| WNW | 3 kine. 
'| 2 0 49, | 50,0 | 29,37 WNW 3 Fine. 
187 0 41,5 | 49 5 | 29,50 [0,056] SW 2 Cloudy. 
42 0 48 5 |} 47,5 | 29440 | WSW | 2 |Showery, 
19] 7 0 43,0 | 44,0 | 29,72 |0,050| N by E| 2 Fine. 
2 o 53,0 | 48,0 | 29,76 N by EI 2 Fair. 
20] 7 ol 42,0 44,5 | 29,94 [0,030] NW | 1 Fine. 
2 ©| 52,0 | 48,0 | 30,01 NW | 1 }Fair. 
21] 7 o 47,5 | 480 | 29,91 SSE | 1 Fair. 
2 ©| 52,0 | 50,0 | 29,83 SSV | 2 |Showery. 
22] 7 ©] 47,0 Fo, o 29,50 |0,109|] SW | 1 Cloudy. 
2 0 58,0 | 535 | 29,71 SW | 1 Fine. 
231 7 0 47,5 | 50,0 | 29,52 0, o31 S by WI 1 Fine. 
2 ©| 56,5 | 54,0 | 20,47 | SSW | 2 Showery. , 
24] 7 o 46,5 | 51,0 | 29,46 o, 47 WSW 2 Fine. 
2 0 54,0 | 53,5 | 29,43 SS. | 2 |Showery. 
25] 7 0 45,0 | 50,5 | 29,51 o, 053 S by EI Fine. 
2 ©] 56,5 | 54,0 | 29.46 SSW | 1 Fine. 
26] 7 o —— 49,0 29,40 2 Fine 1 
2 0 58,0 $3.5 29,74 2 Eine. 
27] 7 ©| 32.0 | 50S | 29.50 yeah 
2 0 56,0 | 54,0 | 29,44 ainy. | 
28] 7 ©|. 54,5 55,0 | 29,83 I Cloudy. | 
2 ©| 60, 559,5 | 29,85 I Rainy. 
2 9 825 des | 2966 ; [Fine.” 
2 ©} 05,5 295 EI ine. 
30 7 0 55,0 58,0 29,71 SSW | I Cloudy. 
| 2 0 01,0 65.0 \ 29.73. | S by I bine. 5 
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May 7 0 $340 L wy 29,76 | 0,067] SSW | 1 8 | 
2 0 65,0 2,0 29, 79 | I Ine. | 
1 4A han 24 1 og 
3| 7 94 85 30, 26 E by S| 1 Cloudy. 
A 3 57,0 5570 30, 26 1 | SE I Fine. 
4| 5 of 48,0 | 52,5 30,18 11 |Cloudy. 
2 of 64,0 | 56,5 [20.16 {| 1 Fine. 
5| 7 ol 5350 | 55,0" 129,92 | 1 Cloudy. 
2 ol 59,5 58.0 [29,88 | - | 1 Cloudy. 
6|7 of $25 | 55,0 29,88 1 2 Fine. 
| 2 o 60,0 | 55,5 29,90 1 2 
767 53,0 [55,0 29,94 4] 1 
2 of 63,5 | 59,5 29,94 1 
8] 7 o| $2,0 | 57:9 [29-72 . 1 
2 ©] 55,0 | $75 129-58 2 
9 75 ov 540 550 . 29,07 S. | 
| 2 of $7,0 58,5 129,04 . 2 | 
10| 7 ©| 53 | $45 129-35 | 2 
2 0 59,0 ] 58,5 29.51 2 
4 ol 3,0 . f 25 88 | . Rainy 
2 59, | x 
12] 7 Of 50, 75 29,98 SSW | 1 Fine. 
2 0 04;9 1 60,0 129,98 1 SW . | Fine, 
13] 7 Of 53,0 | 55,0 129,75 10,104] SW | 1 Fair. 
2 Of 63,0 60,5 29 73 SW | 2 Fine. 
1447 o 51,5 570 29,78 W by s 1 ine. 
2 ol 57,0 | 58,5 29,71 SSW | 1 |Fine, 
15| 7 o 50,0 | 55,0 [29,82 fo, ois NW | 2 Fine, 
2 0 33,068 5 [29,94 NW | 1 Fine. 
16] 7 of 54,5 | 56,5 30,12 NW | 1 Fine. 
2 of 66,0 | 61,0 30, 18 SW II IFine. 4 
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. 
for September 1780. 
Time. Therm. Therm. Barom. ] Rain.| Winds. — 
8 withoutſwithin. | | 
˖— n — — * Weather. 
H. M. [[nches.| Points. Str. 
a | | | ak ** — | — | 
Sept. ) 7 ol 60,5 | £5,0 29,49 [O25 SE | 1 [Rainy. 
2 of 68,0 | 67,0 | 29,49 \ SE 2 bine. 
18 70 58 - 03,5 | 29,49 | 0,572 SSW I Fair. * F- 
| 2 of 68,0 | 67,0 | 29,58| | SW [1 | Fine, | 1H 
| 19] 7 of 53,0 -| 60,0 | 29,64 | SSE | r [Fine. | 14 
2 0 65,0 | 65,0 | 29,68 | SE | 1 |Fine, | "1 
20 7 of 52,5 | 60,5 | 29,07 | SE | 1 Fine. | ITY 
| 2 of 64,0 | 62,5 | 29,66 | NW | 1 kine- 18 
21] 7 of 49;5 | 59,5 | 29,81 3 1 Fine. "13 
| 2 0 05,0 62,0 29,88 | I Fine. | as 
227 0 48,0 | 50,0 | 30,02 8 is. Fi ine. | ll 
2 0 65,0 [ 65,0 30, 11 + SW | 1 bine. 1 ö 
23] 7 0 40, | 57,9 | 30,09] | ENE | 1 |Fine. 441 
1 | 2 ©| 66,0 | 66,0 30,05 NE F "oY 4 
24] 7 0 59,0 | 5%5 | 29,84 | NW | x [Fair, "10 
| | 2 0 66,5 | 65,0 | 29,99 | NW II |>Showery. 16 
| 2357 0 54,0 | 58,0 | 30,04 2,113] SSW | 1 |Fine. "i 
| | 2 0 66,5 | 67,0 | 30.04| | WSW |} 1 | Cloudy. ' f 
| 267 o 59,o | 61,0 | 29,97 _ r Fair. 7 6 
| 2 0 67,0 | 64,0 þ 29,92 | 1 (Lair. iv] 
| | 27] 7 ©O| 51,0 | 59,0 | 29,90|0,079| Wow 1 Eins. 11 
| | 2 0 66,0 | 63,5 | 29,94] SW I [Fair. | 
| 28] 7 o 56,0 | 60,0 | 29,75| SW | 1 Cloudy. | 
i 04,0 | 0435 29,76 ISW [1 | Showery and cloudy. 
29| 7 o 53,5 | G1,5 | 29,54 0,340 SSE | 1 [Rainy. | 
| 2 o 62,0 | 63,0 | 29,94 dE, | 1 Pair. | 
3007 0 50,5 | 57,9 | 29,34 0,032] SSW | 1 [Rainy. 
5 | 2 o 52,0 | 57,0 29,144 SW | 2 Rainy. i: | 
. 
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laches. oints. Str. 


„. 


SSA Se 


29,09 
29,07 


29,57 


29,87 


29,50 


28,66 
28,02 
28,08 


2951 
29,01 
29,68 
29781 


30,02 


20,61 
29.69 


29,72 
129,71 


6 hun 
29,19 


29,44 


29,04 
29,79 


30, 16 
20,18 1 
30, | 
29590 
29,03 | 


29,62 
29744 


28,99 


30,04 
29,75 


29,569 


Weather. 


Rainy. 
Rainy. 


Fair. 


Fine. 


Fine. 
Fine. 
Fair. 
Fair. 


Fine. 


Fair. 


Cloudy. 
Cloudy. 


a Fair. 


Fine. 
Fair. 
Fine. 
Rainy. 
Showe . 
Fair. af 
Cloudy. 
Fair. 
Fair. 
Fair. 


Cloudy. 
Fair. 
Cloudy. 
Fine. 


1 Cloudy. 


Cloudy. 


8 530 


Rainy. 
Cloudy. 


— g—an_——_—_— 


ME T E- 


1 29 


for October 1/780: 


— 


— 


10 WS S n SAS e 


MET EOROLOGLGAD JOURNAL 


1Barom. 


cooooo0000000000000000 


0OO0OO0OODD OOO OD 
| er FD os 


* 
» 


* 
— 


* 
ve. 


Fre 


— 
» 
1 - 
CY 
. 


” - 
- 1 — 2 
. * * 


K 


— 


Pry 2 Ir 77 . 77 


* 


Cloudy. y 
Fine. 


Fine. 
Cloudy, 


Fine. 


Cloudy. 
Fait. 
Fine. 

Fine. 
Fine 


. 
„ - 


4 


- Fine. iJ 


Cloudy 
Fair. 
Cloudy. 
Cloudy. 
Rainy. 


Cloudy . 


Cloudy and 1 rainy. 


3 
' 
| 


1 2 
2 | . 7 _ . - 

F < * 3 8 

＋— —— _ . — a --. . ha 


L220] 


— RES mum 
| METEOROLOGICAL. JOURNAL 
| for November 1780. 
N Kam. Winds. | 
' * 8 Weather . 
A Points. |Str. 
Nov. 1 | NNE | 1 Cloudy. 
| NE | 2 Rainy, 
| 2| 8 NNE | 1 Cloudy. 
; 2 | NE I [|Fine. 
| , 3 8 INE 1 Cloudy. 
2 | 1 Fair. 
i 44 8 54 Fine. 
2 2 Fine. 
51 8 1 Fine. 
 W 2 Fine. 
6| 8 2 [Fine. 
"i .2 jFioe, 
| — 7 2 [Fine. 
2 3 Saowy. 
8 8 2 [Fine. 
2 1 Fine. 
91 8 I Cloudy. 
N | 2 I loudy, 
10 8 1 |Cloudy, 
& Bs I Fair. 
1118 I Clou iy. 
2 -| 1 |loudy. 
12| 8 | 1 ine. | 
2 ) | 1 |_loudy. ; 
13} 8 C 3 ]>loudy. 
8 :Y f . Cloudy. 
1448 c Fair. 
1 33 . I reine. 
1518 o 1 ine. 
2 © 1 Fine. 
10 8 c 1 Foggy. 
1 1 It 


| how | | 1 [Foggy. 
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for November 1780. 


ſ lime. herin.| [herm | Barom. ] «ain, | 3 I 
without|within. —— 
— e | Weather. 
H. M. Inches. inch EW? 
ol 36,5 | 38,5 [29-73 1 |Fogey. 
o 49,0 | 41,0 29, 63 | Rainy. 
of 41,0 | 40,0 29, 60 o,o 30 1 Cloudy. 
o 45,0 | 42,0 129953 | Fair. 
ol 41,9 | 42,5 20, 27 [0,039 Fair, 
o 44,0 [29,32 Fine. 
O 43.5 (28,94 ſo, 616 Cloudy. 
o 49,0 2 * Fair. 
0 41,5 29,14 [1,074 | Fair. 
9 43,0 29,31 Cloudy. 
© 41,0 [29,14 [0,025 | Cloudy. 
0 40, 5 . 29,08 Ef Fine. 
of. 37,9 129.39 Fine. 
o 38,0 29,42 Fair. | 
ol 39.9 29,64 Fogay- 
0]. 38,0 129,50 | | [Rainy 
ol 39,0 29,89 Cloudy. 
Oo]. | 42,5 129-98 1 | Cloudy. 
ol 395, 30, 10 1 Cloudy. 
a 42,0 135414 | Cloudy. 1 
O 45,0 [30,27 1 [Cloudy ö 
0 45,0 4 30, 28 Cloudy. 2 | 
44.6 30, 46 Cloudy. 
| 40,0 30,47 Fine. 
42,0 30, 45 Eine. 
43:0 30, 40 Fine, all 
4255 | 30,32 | . * ine. | mn 
L422 139432 h . _ 3 4 
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METEOROLOGICAL JOURNAL | 
for December 1780. 
Time. Therm. Therm. Barom. [Rain. | Winds, | 3 . | 
1 [ without|within. 
* —— — — —— — Weather. 
H. M. F Inches. Inch. | Points [>tr.] 
Dec.17| 8 o 40,0 | 44,0 30,5 I SW [1 "= 
| 2 0 43,5 | 44,0 30,48 | NW | 1 Fine. 
18] 8 . of 34,5 | 41,0. 39.46 NE | 1 [|Forgy. 
| 2 O] 40,0 | 41,5 39,46 | ENE I Fine. 
i9| 8 of 30,5 | 38,0 30,49 ENE | 1 Fine. 
2 0 34,5 | 36,0 30, 40 | NE | 1 Fine. 
20] 8 ©| 30,0 | 34,5 30, o8 NE | 1 |Fogey. 
| 2, O] 32,0 | 39,0 [29,99 | | NE | 1 Foggy. 
. 21] 8 o 2 30 | 33,0 29.6 69 8 by E 1 Foggy. | 
2 0 29,0 | 34z5 29,69 SbyE[ 1 Foggy. 
22] 8 of. 33,0 | 34,0 29,85 WSW I Foggy. 
2 o] 36,5 | 35,0 [29,89 | NW | x bine. 
23] 8 o] 24,0 | 32,0 30,05 SSW | 1 [|Fogey. 
2 9ſ 32,5 | 34-0 30,0 06 | NW I Fine. 
248 of 34,0 34,5 30, 15 NNE | 1 |Foggy. 
2 of 37,0 | 35,5 30, 15 N by Ef 1 [Fair. 
25] 8 of 37,90 |-37,5 30, 21 NNE | 7 Fair. 
2 ol] 38,5 | 37,5 30, 23 NNE | 1 |Fair, 
26] 8 o] 32,5 | 34,5 30, 20 ENE | 1 Fair. 
| 12 © 36,0 | 36,5 30, 26 N by EI Fair. 
27] 8- of 29,5 | 32,5 30, 26 | NE | 1 |Frofty, 
2 0 32,0 | 34,5 |39,29 NE | 1 Froſty. 
| 28] 8 0 32,5 | 33,5 30,35 [0,100 SSW | 1 |Foggy. 
2 ©] 37,9 | 36,5 30, 34 SW | 1 |Cloudy. 
209 8 of 40,5 | 37,0 30, 13 [o,210] SW | 1 Cloudy. 
2 of 45,0 | 39,0 [30,03 | WSW| 1 Fair. 
30] 8 of 45,0 | 41,0 30, 1 WSW | 1 |Cloudy. 
f 2 of 50, | 44,0 30,07 SW | 1 |Cloudy. 
31] 8 of 43,5 | 44,0 |39,06 SSW | 1 Cloudy. 
2 0 50,0 | 46,5 30,07 WSW | I Fair. 2 
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05,5 
| 845 
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2 b. | [100r 11h. | 
P.M. P.M. 
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O 4 
22 23 


22 44 
bas 29 


| 22 46 


| 22 40 
22 40 


16 22 45 | 22 48 


17 | 22 27 | 22 32 


18 22 39 22 37 | 


| Means | 22 32 | 22 43 
Mean of all 22* 41. 
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10 | 72 20 | 72 20 72 30 | 72 
11 7 20 2 30 72 23 172 10 RO 
12 | 72 30 72 30 | 72 30 72 0 6 EE +4 
13 73 5 72 is | 72 10 72 10 | _ | Fab mint 
14 | 72 10 | 72 15 12 20 | 72 10 CS | * 
15 72 20 72 15 72 20 72 20 | 
16 = 4s | = @ io 40 72 20 þ = | 
17 72 40 72 30 | 72 25 72 30 | 72 32 
18 | 72 40 72 20 | 72 30 | 72 20 | 
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Page 9. Over the table add, Grs, 
| The laft line of the table read 0,035. 
22. col. 1. I. 18. read 18,445. 


39. the whole of col. 7. and 8. ſhould be removed one line lowen 
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TAB. * ih Ye 3 raiſed by: hs — drkribed 
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old, may require near one hundred thouland. to wait on them ever 4 
The parts which are the leaſt ſhaded and dotted are the nurſeries, ſurrounded 
like the royal chamber, by empty paſſages on all-fides for the mr 
accels to them with the eggs from the queen, the proyifion for the gung, 
&c. N. B. The magazines of provitions are fituated without any oe ng 
order among the vacant paſſages which ſurround the nurſeries - 
B. The top of the interior building, which often ſeems, from the arches 
carrying upward, to be adorned on the fides with pinnacle:, p- 1 $6. hs 


c. The floor of the area or nave, p. 156. 2 0 *. 1 

DDD. The large ene which ! rom under all the wehe ally 
to the top, p. 156. : PEN A | III uz 

EE. | he bridges, p. IK." 6 „ I. 


Fig. 3. The firft appearance of an hill - neſt by. two tupreks, p. p. 1 {LET 
Fig. 4. A tree, with the neſt of the hog nd their covered, ay 
p. 161. 


rrrr. Covered ways of the Termites arborum, p. 1 . . „ x 
Fig. 5. A ſection uf the neſt of the Termites arborum. 1 9 
Fig. ö. A neſt of the l ermĩtes beflicoſi, with Europeans on TY "ſeemingly « ob- 

ſerving a veſſel at ſea, p. 151. 2 1 5 | 


Fig. 7. A bull ſtanding c-ntinel upon one of . neſts, while the reſt of the 
herd is rum matiug below, p. 151. 


GGG, I he African palin; ures, from the x nuts of Which is wg the Olcum 
Palme, 5 | 
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Tab. VIII. fig. 1. A Nerd ſeQion of a royal chamber, p. 131. 8 
aa. The thin {des in which the entrances are made, p. 1 52. —_ | 
Fig. 2. A longitudinal ſection of a royal chamber, p. 151. 
. The entrances, p. 187. 
A. The door ſhut up, as left by the labourers, p. 187. 
Fig 8.4 A royal chamber fore-ſhortened. 
Fig be ſame royal chamber repreſented as juſt opened, * diſcovering 
18 the queen, and her attendants ; unnINg round her, p. 188. 
bb, A _ drawn from & to 6 will run arong ; the range of doors or binden, 
p. 187 | 
AAA. „ line run from A to AA will croſs the door, which remains cloſed as it 
was found, The reſt are repreſented as they appear fince the es 
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24 Te The e muſhrooms magpifid by» frong lens, Pe 154 | thy: 
Fab. IX. 6 


1 ad +. The tans nol, with roſs of h r. monk 


and a crthes atrox as finiſhed, Pp. 159. 
ig. 5 r un. | 
turret, raiſed only about half its height, 


A rare! building upon one-which had deen thrown down, 
PE An terre, broken in two. 15 
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Tab. p © 15 1 1. A Termes bellicoſus, p. 147. TY 2 "AY 4 
Ig. 2. A KN. N. B. A king never alters his form after he loſes bis wi wings, 


- - neither does he apparently increaſe i in bulk. 
Fig. 3. A QUEEN, p. 170. 
Fi Ss 4 The head of a perfect inſect magnified. 
A face, with ſtemmata magnified, P- 141. numb. To 
Fig ig. 6. Atabourer, þ * A 
0 A. labourer m I d-. 

Fig 1. A ſoldier, p. 18. oy 
Fig. 9. A ſoldi:r's . and part of bis head es p. 6a 
Fig. 10. The Termes mordax, p. 141. numb. a. and p. 161. 
Fig. 13. The face with the ftemmata magnified, P- 141. numb. 2. 
Pig. 12. A labourer. 
13. A ſoldier. - 
Fig. 14. The Termes atrox, p. 141. numb. 3. and p. 160. 
Fig. 187 Tbe face and ſtemmata magnified, p. 141. numb. 3. 
Fig. A laborer, 
Fig. 17. A ſoldier. 
Fig. 18, Idem. | | 
Fig. 19. Tbe Termes 3eftruor, p- 141. numb, 4. 
Fig. 26. The face and ſtemmata magnified, p. 141. numb. 4. 
Fig. 21. The Termes arborum, p. 141. numb. 5. and 8 162. 
Fig. 22. The face and ſtemmata p. 141. numb. 5. 
Fig. 23. A labourer, 
Fig. 24. A ſoldier. | 
Fig. 25. A QUEEN, p. 472. 

N. B. In the figures 5. 11. 15. 20. and 21. the two whity' fpots between 

the * are the ſtemmata. 
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XV. New Experiments upon Gan-powder, with occaſional Ob- 

ſervations and practical Inferences; to which are added, an 
Account of a new Method of determining the Velocities of all 
Kinds of Military Projectiles, and the Deſcription of a very 
accurate Eprouvette for Gun-powder. By Benjamin Thomp- 
1on, Eq, F. R. S. | 


Read March 29, 1781. 


HESE experiments were undertaken principally with a 

view to determine the moſt advantageous ſituation for the 

vent in fire-arms, and to meafure the velocities of bullets, and the 
recoil under various circumſtances. I had hopes alſo of being 
able to find out the velocity of the inflammation of gun-powder, 
and to meaſure its force more accurately than had hitherto been 
done. They -were begun in the month of July in the year 
Vo. LXXI. 2 1 1778. 


K 


Mr. THOMPSON's Duperianence-- — - 6 
1778, at Stoncland Lodge, a coutitry ſeat. of Lord GzonGE 
GCERMAIN'S, and I Was aſſiſted by the reverend Mr. . 
rector of Withyham, who lives in the neighbourhood. 
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The weather -proved remarkably favourable for-our experi- 
ments, being ſettled and ſerene, ſo that the courſe of them was 
never interrupted for a whole day by rain or by any accident. 
The mercury in the barometer ſtood in general pretty high, 

and the temperature of the atmoſphere was very equal, and 
moderately warm for the ſeaſon. In order that each experiment 
might, as nearly as poſſible, be under ſimilar circumſtances, they 
were all made between the hours of ten in the mornmg and 
five in the afternoon : and after each diſcharge the piece was 
wiped out with tow till all the infide of the bore was perfectly 
clean, and as bright as if it had juſt come out of the hands of 
the maker; and great care was taken to allow ſuch a ſpace of 


time to elapſe between the firings, as might render the heat of 
the piece nearly the fame in every experiment. 


A deſcription of the apparatus. 


The barrel principally uſed in theſe experiments was made 
by woopoN, one of the moſt famous gunſmiths in London; 
and nothing can exceed the accuracy with. which it is bored, or 
the fineneſs of the poliſh on the inſide. It is made of the very 
beſt iron, and, agreeably to Mr. ROBINS's advice, I took care 
to have it well fortified in every part, that there might be no 
danger of its burſting. Its weight and dimenſions may be ſeen 
in the table of the weight and dimenſions of the n 
p. 242. 

Fig. 1. Repreſents a longitudinal ſection of a part of the 
deal, with the apparatus firſt made uſe of for ſhifting the vent 
from one part of the chamber to another, or rather for moving 


the 
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the bottom of the chamber further from, or bringing it nearer 
to, the vent, in order that the fire might be communicated to 
the powder in different parts of the charge. 

a, b, repreſent the lower part of the barrel. 

c, is the breech- pin, which is perforated with a hole four- 
tenths of an inch in diameter, the axis of which coincides 
with the axis of the bore. | 
Into this hole the ſcrew 5, n, about four inches in length, 13 
fitted; to the end of which, 2, that paſſes up into the bore, is 
fixed a piſton o, p, which, by means of collars of oiled leather, 
is made to fit the bore of the piece very exactly. The end of 
the piſton p, neareſt the muzzle, is of braſs, and forms a move- 
able bottom to the bore, which by turning the ſcrew þ, , by 
means of the handle m, is brought nearer to, or removed fur. 
ther from, the fixed vent v, by which means the powder: 15 
lighted at any aſſignable diſtance from the bottom of the charge. 
But the length of the bore being altered by moving the 
piſton, which occaſioned a ſmall inaccuracy, and ſome incon- 
venience attending the apparatus, it was laid aſide, and ano- 
ther repreſented by fig. 2. was ſubſtituted in the room of it. 

a, b, is a ſection of part of the barrel as before, and c is the 
breech- pin, which being perforated with a ſmall hole through 
its center receives the ſcrew /, g, which is about two-tenths of 
an inch in diameter, and four inches long, This ſcrew being 
perforated with a very ſmall hole, ſerves to convey the fire into 
the chamber of the piece, and by ſcrewing it further up into 
the bore, or drawing it backwards, the fire is communicated to 
different parts of the charge. 

But this method being found to be not intirely free from inac- 


curacies and inconveniencies, a third was ſubſtituted in the 
21 2 43 367 od4g room 
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room of f it, which was — to aire ich n than * 
of the preceding. 1 21 +t 2:3 n bog 

The end of the — was now n cloſed 15 a ſolid Wor 
pin p, fig. 3. and three vent holes m, n, and o. were made in 
the barrel; one of them, m, even with the bottom of the bore, 
and the other two at different diſtances from it. Any two oß 
theſe; vent holes, as and o for inſtance, being cloſed up by 
ſolid ſexews, a perforated ſcrew, or vent tube v, was ſcrewed 
into the third. which ſerved to contain the priming, and to 
convey the fire to the powder lodged in the bore of the piece. 
Sometimes a longer vent-tube, repreſented by fig. 4. was 
made-uſe of; which, paſſing through the powder in the cham- 
ber of the piece, communicated the fire immediately to that: 
part. of the charge that lay in the axis of the bore. 

Another vent-tube alſo was uſed occaſionally, which differs 
in. many reſpects from both thoſe that have been deſcribed. It. 
is ſo eonſtructed as to convey the fire to the charge; but, as ſoon 
as the powder in the chamber of the piece begins to kindle, 
and the elaſtic fluid to be generated, the vent is firmly cloſed by 
a valve, and no part of the generated fluid is permitted to 
eſcape. This I ſhall call the val ve- vent, and it is repreſented 
by fig. 5. upon an enlarged ſcale, that the parts of it may 
appear more diſtinct. 

a, b, is a longitudinal ſection of a ſmall portion of the ſolid 
ſide of the barrel. 

c, d, is the vent- tube, which is in all reſpects like the ſhort 
vent - tube commonly made uſe of, except only that in this the 
end of the vent-hole () which goes into the chamber is en- 
larged in the form of the wide end of a trumpet or funnel. 

To this enlarged aperture the valve, u, is accurately fitted, 
and by means of the ſmall ſtem or tail, 7, which is fixed to the 
valve, 
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value, and which paſſes up through the vent-hole, and is con- 
nected with the ſpring 8, the valve is preſſed, or rather drawn 
into its place, and the vent is cloſed. The ſtem of the valve 
was at firſt made (cylindrical ; but, in order to make way for 
the primin g to paſs down to the valve, one-half of its a 
was taken away, as 1s repreſented in the figure. 

When this vent is primed, the ſpace between the vent kole 
and the ſtem of the valve is filled with fine-gramed powder, 
and the valve 1s gently opened by preſſing upon the end of the 
ſtem till one or more grains of powder lodge themſelves be- 
tween the valve and the aperture; which preventing the valve 
from cloſing again, a ſmall opening is left for the paſſage of the 
flame into the chamber of the piece: therefore, when the 
priming is lighted, the fire paſſing down the vent, and entèring 
the chamber, inflames the charge, and the ſmall grains of pow- 
der that were lodged between the valve and the aperture being 
deſtroyed by the flame in its paſſage through the vent, the valve 
immediately cloſes, and prevents the eſcape of any part of the 
elaſtic fluid generated by the inflammation of the powder in the 
chamber of the piece. The prefſure of this fluid upon the 
valve aſſiſts the action of the ſpring, by which means the valve | 
is more expeditiouſly and more effectually cloſed: 

The valve was very accurately fitted to the aperture by grind- 
ing thera together with powdered emery, and afterwards po- 
liſhing them. one upon the other. And it is very certain, that 
no part of the elaſtic fluid made its eſcape by this vent; for, 
upon firing the piece, there was only a ſimple flaſh from the 
exploſion. of the priming, and no ſtream of fire was to be ſeen 
fluing from the vent, as is always to be obſerved when a com- 
mon vent is made uſe of, and in all other caſes where this fluid 
ands a paſſage. 
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- In order that every part of the apparatus employed in theſe 
nee might be as perfect as poſſible, all the more deli. 
cate parts of it were executed by Mr. FRASER, mathematical 
inſtrument- maker in Duke's Court, St. Martin's Lane, and, 
among the reſt, all the contrivances juſt deſcribed relative to 
the vent. | 

The velocities of the bullets were determined by means of 1 
pendulum, according to the method invented by Mr. xoBixs, 
The pendulum I made uſe of (fig. 6.) is compoſed of a cir- 

cular plate of hammered iron (a), 13 inches in diameter, and 
o, 65 of an inch thick, to which is firmly faſtened a bar of iron 
(6, 0 56, 5 inches in length, 2,6 inches broad, and half an 
inch in thickneſs, by which it is ſuſpended by means of two 
pivots (d, e) at the end of the bar (e), and at right angles to 
its length. Fheſe pivots being very accurately finiſhed, and 
moving on poliſhed grooves, which were kept conſtantly oiled 
to leſſen the friction, the vibration of the pendulum was very 
free, as appeared by the great length of time its vibrations con- 
tinued after it had been put in motion, and was left to itſelf, 
To the circular plate of the 'pendulum, targets of circulat 
pieces of wood of different thicknefles were fixed, which in the 
courſe of the experiments were often ſpoiled and replaced : and, 
in order to mark the weight and dimenſions of the pendulum 
incach experiment, the pendulums are numbered according to the 
different targets that were made uſe of; and the weight and 
dimenſions of each pendulum are ſet down in a table at the end 
of the deicription of the apparatus, 

The target of the pendulum N' 1. was made of a circular 
piece of elm-plank, 34 inches thick, and equal in diameter to 
the iron plate of the pendulum to which it was fixed ; but this 

target being too thin was very ſoon ruined. 


The 


The pendulum N' 2. was furniſhed with two targets, which 
were circular pieces of very tough oak-plank, near five inches 
thick, placed on oppoſite fides of the plate of the pendulum, 
and firmly fixed to it by ſcrews, and to each other by iron 
ſtraps. When one of theſe targets was ruined, the pendulum. 
was turned about, and the other was made uſe of. This pen- 
dulum laſted from experiment N'. to experiment N*39. when it 
was ſo much ſhattered as to be rendered unfit for further ſervice. 

The pendulum N' 3. was like the pendulum N' 2.; only, 
inſtead of oak, elm-plank near ſeven inches in thickneſs was 
made uſe of for the targets. This pendulum ſerved from ex- 
periment N' 40. to experiment N* 101. inclufively. 

But finding that targets made of planks of the tougheſt 
wood were very ſoon ſhattered to pieces by the bullets, I com- 
poſed the pendulum N? 4. in a different manner. Inſtead of 
circular pieces of plank, ſolid cylinders of elm-tumber were 
made uſe of for the targets, ſo that the bullets now entered 
the wood in the direction of its fibres. Theſe cylinders are 
13 inches in diameter, and about 51 inches in length, hooped 
with iron at both their ends to prevent their ſplitting, and 
firmly faſtened to the plate of the pendulum, and to each other 
by four iron ſtraps. This pendulum lafted till the experiments 
were finiſhed. It is ſtill in being, and appears to be yery little 
the worſe for the ſervice it has undergone. 

Fig. 7. ſhews the two ends of the pendulum upon a large 
ſcale, together with the hooks or grooves by which it was 
ſuſpended. 

a, , is the bar of MA pendulum, which 1s ſeen broken off, 
as there is not room to ſhew the whole of its length. 

c, d, are the pivots by which it was ſuſpended. 
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e, is the circular plate of the pendulum, to which 
„ g. two circular targets, are faſtened by ſcrews, and by 
means of the iron ſtraps, 5434 which are nailed to 4 
edges of the targets. 
h, E, are the hooks which ſerved inſtead of grooves to receive 
the pivots, c, d, of the pendulum. 
The hooks were firmly fixed to the horizontal beam R. 8. 
which ſupported the whole apparatus by means of three ſcrews 
m, u, o, which paſſed through three holes in the plate that 
connects the two hooks. When the hooks were faſtened to the 
beam, the middle ſcrew, u, was firſt put into its place, and 
the pendulum was allowed to ſettle itſelf in a poſition truly 
perpendicular, after which the grooves were immoveably fixed 
by means of the ſcrews m, 0. 
The chord of the arc, through which the pendulum aſcended 
in each experiment, was meaſured by a ribbon, according to the 
method invented and deſcribed by Mr. RoBINõ. 
The recoil was meaſured in the following manner. The 
barrel was ſuſpended in an horizontal poſition (and nearly in a 
line with the center of the target) by two ſmall pendulous 
rods, 64 inches in length, and 25,6 inches aſunder; which 
being parallel to each other, and moving freely upon poliſhed 
pivots about the axes of their ſuſpenſion, and upon two pair of 
trunnions that were fixed to the barrel, formed, together with 
the barrel, a compound pendulum ; and from the lengths of 
the vibrations of this pendulum, the velocity with which the 
barrel began to recoil, or rather its greateſt velocity, was deter- 
mined, 
But in order that the velocity of the recoil might not be too 


great, ſo as to endanger the apparatus when large charges were 
made 


aſunder two inches. 
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made uſe of, it was found neceſſary ee 


additional weight of mote than 40 lbs. of icon. 


This additional weight of iron, which I ſhall call the ran. car- 
riage, as it was ſo conſtructed as to ſerve as a carriage to the 
barrel, is compoſed of a bar of hammered iron 28 inches in 
length, 2,6 inches broad, and half an inch in thickneſs, which 
is bent in the middle of its length in fuch a manner, that its 
two flat ſides or ends are parallel to each other, and diſtant 
In the middle of this bar where it is bent 
is a hole in the fotm af an oblong ſquare, which, receiving the 
end of the breech- pin, ſupports the lower end or breech of the 
barrel. The other end of the barrel is ſupported and confined 
in the following manner. A ring or hoop.of iron, near half 
an inch thick, and two inches in diameter, is placed in a ver- 
tical poſition between the parallel ſides, of the bar, and near its 
two ends, and firmly fixed to them by. ſcrews. The barrel 
paſſing through the middle of this ring is ſupported upon. the 
ends of three ſcrews, which paſſing through the ring in dif- 
ferent parts of its circuraference all point towards its center. 

The carriage, together with the barrel, was ſuſpended by the 
pendulous rods by means of two pair of poliſhed trunnions that 


are fixed to the outſide of the carriage. They are placed in an 


horizontal line — to, and Omg wende the 1 
„ 57i7 5" fo a 
Fig. 8. repreſents the kai fixed to the carriage. 
a, b, c, is the bar of iron which forms the antrings ſeen 
edge- ways. 8 
2, 2, 4, 4, are the trunnions by which it was aged. 
a, e, is the barrel in its proper place. | 
P, is the breech-pin, which paſſing chock a \ bake 3 in the 
middle of the bar, a, b, c, ſupports the end, e, of the harrel; and 
n, is the ring that ſupports the end, a, of the barrel. Par 
Vol. LXXI. 1 Fig. 


95 — 5 
Fig! 9. e a perpendicular ſection through! the lite 
* bg. M Low in 4 line Perpehdieulae to the length of ie 
darrel. a ns d toe, Ir ei 1 by 
"TMs Kits 18 ; deſigned to 1 the matmer in-'which|:the 
wunde f the 2 enen * in * ge 
kg. 8. Na 
155 's ae the two ends of the ber ponds _— 
u, is the ring, ane N 
6, p. are the ſcrews: by which ĩt is faſtened to wy two n 
fies f Ws barz. the ends of which form the trunnions 2, 2, 
88. ry 6-4 | 
WE isa qrarifeects ſection of the bariel; and” 
7, s, t, are the three ſcrews by which the barrel! is (oppor 
and confined 1 in the center of the ring; 
Fig. 10. is the fame as fig. g. but upon a larger ſtale: 
Fig. Tr. reprefents the two ends of one of the pendulom 
rods by which the barrel was re ig, I 3: ſhews the 
fame ſeen ſideways. 
4, b, is che rod whieh is ſeen broken off 
c, d ate the pivots. by which it was ſuſpended by a pair « of 
books er grooves that were faſtened" to an horizontal beam, in 
the'ſame manner as'the — 16 the velocities 
of the bullets was fuſpended. | 
e, f, are the hooks which receive the trunnions that are e fixed 
b J 44 3 A 
The dimenſions of every part of tHis apparatus may de fre 
in the table, P. 242. 
The chord of the are through which the barrel aſcended i 
its recoil was meaſured by a ribben, and the lengths of thoſe 
chords, expreſſed in inches and decimal parts of an inch, ale 
fet down in the tables. The method of computing the vel 
6 eit / 


* 


0 * yaw of 


— — 5 . 229. 
4 of FORE from the chord of PE arg nb whichthe 
barrel aſcended, is too well known to require an explanation : 
and it is alſo well known, that the velocities are to each other 
as the chords of thoſe arcs. - The lengths of thoſe chords, 
therefore, as they are ſet down in the tables, are, in all caſes, 
as the velocities of the recoil. 

The powder made uſe of 'in theſe experiments was-of the 
beſt kind, ſuch as is uſed-in proving great guns at Woolwich. 
A cartridge, containing 12 lbs. of this powder, was given to 
me by the late General DESACGULIERSs of the Royal Artillery, 
and Inſpector of Braſs and Tron Ordnance; who alſo, in the 
politeſt manner, offered me every other aſſiſtance in his power 
towards completing the experiments I had projected, or in 
making any others d ſhould propoſe that might be uſeful in the 
proſecution of my inquiries. | 

This powder was immediately taken out of the cartridge, 
and put into glaſs bottles, which were previouſly made very 
clean and dry; and in theſe it was kept carefully ſealed up till it 
was opened for uſe. When it was wanted for the experiments, 
it was weighed out in a very exact balance, with ſo much atten- 
tion, that there could not poſſibly be an error in any inſtance 
greater than one quarter part of a grain. The bottles were 
never opened but in fine weather, and in a room that was free 
from damp, and no more charges of powder than were neceſ- 
fary for the experiments of the day were weighed out at a time. 
Each charge was carefully put up in a cartridge of very fine 
paper, and theſe filled cartridges were kept in a turned wooden 
box, that was varniſhed en the inſide as well as the outſide, to 
prevent its imbibing meiſture from the air. 

The paper of which theſe cartridges were made was ſo fine 
and thin, that 1280 ſheets of it made no more than an inch in 


2 K 2 thickneſs, 
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_ © thicknefs, and a cartridge capable of containing half an ouneh 
of powder. weighed: but three quarters of a grain. 1 
I !be cartridges were formed upon. 2 wooden — a 
accurately fitted to the bore of the piece, and the edges of the 
paper were faſtened together with paſte made of flour and water, 
When a cartridge was filled, the powder was gently ſhaken 
together, and its mouth was tied. up and ſecured with a piece of 
fine thread; and when it was made ule of it was put intire into 
the piece, and gently puſhed down into its place with the ram- 
rod, and afterwards it was pricked with a pruning-ware thruſt 
through the vent, and the piece was primed ; ſo that no part 
of the powder of the charge was loft in the act of loading, 28 
FD always the caſe when the powder ts put looſe into, the barrel: 
nor was any part of it expended in priming ; but the whole 
quantity was ately lodged i in the bottom of the bore or cham- 
ber of the piece, and the bullet was put down immediately 
upon it, without any w addin, g either between the cartridge 
and the bullet, or aver the bullet. 
The bullets were all caſt in the fame mould, and conſe+ 
quently. could not vary in their weights above two or three 
grains at moſt, eſpecially as I took care to bring the mould to a 
proper temperature as to heat before I began caſting 3 and when 
leather was put about them, or other bullets than thoſe of lead 
were made uſe of, the weight was determined very «nally before 
they were put into the piece. 
The diameter of the bullet was FIND by. meaſurengent 
and alſo by computation from its weight, and the ſpecific gra- 
vity of the metal of which it was formed; and. both theſe 
methods gave the ſame dimenſions very nearly. 
The apparatus was put up for making the experiments in 2 
coach-houſe, which was found very convenient for the purpoſe, 


3. a 


as the joiſts upon which the for over he was « 100 foals 


the barrel; and the walls and roofs of the building' ſerved to 
ſcreen the apparatus, which otherwiſe might have been diſcom- 
poſed by the wind, and injured by the rain and dews. A pair 


firm and commodious ſupport for ſuſpending the pendulum and 


of very large doors, which formed the whole of one end of 
the room, were kept conſtantly open during the time the 


experiments were making, in order to preſerve the purity of the 
air within the houſe, which otherwiſe would have been much 


injured by the ſmoke of the gun-powder ; and that, in all pro- 
bability, 
force of the powder, and vitiating the experiments. In order 


ſtill further to guard againft this evil, the barrel was placed as 
near as poſſible to the door, and the NO: was hung up at 


the bottom of the room. 


Fig. 12. repreſents the ä as it was put up for making 


the EXPETIMENGS. 


would have had a confiderable effect in leſſening the 


0, ö, is the barrel with its carriage, faſpended by the pendu- 


lous rods c, & and 
R, is the ribbon which ſerved to meaſure the — arc 


of its recoil. 
P, is the pendulum, and 


r, the. ribbon that meaſured the arc of its vibration. 


The diſtance from the mouth. of the piece | to the pendulum. ' 


was juſt 12 feet. 
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A tabl Bring the eras: 2 Henſon of att the prin 
4 e, of. a apparatus. 


| Inches, 
Length 5 44. 
Length f the hors 7 the nt to the breech-pin 43,45 
Diameter of the bore _ 1 $34 . .. aa 
Thickneſs of -metal at the lower vent Mn 0,36 
Thickneſs of metal at the muzzle 1 Qt - 
Wei ght of the barrel, together with the ſolid breech- pin „ and 


the vent - ſcrews and vent - tube, 6 lbs. 6 OZ. 


— 
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Of the gun carriage. 


Length "# BEA . 
Diſtance between the two pair of trunnions 
Diameter of each trunnion 0 4 . 


Weight 40 lbs. 14 OZ. 


©2 


Of the rods by which the carriage was ;ſuſpended. 


Length from the axis of ſuſperifion, or center of the pivots, to 

the center of the trunnions of the gun carriage, 64 inches. 
Weight of each rod, 1 1b. 4 oz. 
Total weight of the barrel and its carriage, together with the 
allowance that was made for the weight of the rods by which 
it was ſuſpended, 48 lbs. 


N. B. This was its weight from experiment N' 3. to experi- 
ment N' 123. inclufive. 
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Of cells, 


- Diildhis ©,55's of an inch. 
Weight in lead- 80 grains. 
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Diameter of the circular plate to which the targets were 


faſtened 


Diſtance between the ſhoulders of the pivots 


Diameter of the pivots 


® - „ 


®- 


Weight of the iron part of the nh 47 Ib. 4: OZ. 


Total length of the bit from the axis of efuſpen-- 
ſion to the bottom of the circular plate 


1:3,- 
3,8 
227 


Of the pendulum with the targets fixed to it, as it as prepared 
for making the experiments, and numbered. 


Toral | Diſtance from the axis of } Total 
length | ſuſpenſion. weight of 
to the — — ron and 
ribbon. | To the center] To the center 
of gravity. of oſcillation, 
' — ö — a — 
Inches. "Sacks, Inches. 
ä — — — 
Pendulum N* I 69,25 50,25 58,45 57 3901 
x. — N 2| 69,5 54,4 59,15] 82 4 
— N* 3| — 55,02 60,23 100 12 
| —— NI— $46 59.18 * 1 


8 


N. B. The meaſure is Engliſh feet N inches, 1 the 


weight is avoirdupois. 


Having 
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Mr, — abe, "Wn 
Having now gone through the deſcription of all che prin- 
cipal parts of the apparatus, I ſhall proceed to give an ac. 
count of the experiment. A5 bd as it may be ſatisfactory to 
the Society to ſee the \tettmnd of conducting theſe enquiries, 2 


well as the reſult of bee l Mall firſt giwe/a table of the expe. 


riments in the exact order in which they were made, together 
with my original remarks; I ſhall then make ſuch general ob- 
ſervations as may occur: and afterwards I ſhall ſelect, combine, 


and compare them, in the manner Which beſt anſwers the dif- 
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General table of the experiments. . 


In the two firſt experiments the barrel was fixed to a carriage 
(that has not been deſcribed) which, together with the barrel. 
and rods by which it was ſuſpended, weighed only 2314. 

Length of the bore of the piece 43,5 inches. 
Weight of the bullet 580 grains. 


The pendulum, N' 1. 


| 
| 


| 


— — 


The 


odd 4 INE ir | 
UL oO © SS — I& 1 S | 
E charge of 8 88 8 22 812 . 
„ „ powder, |2 2 = a [S5<=2|[% = . 
922 = Vi,» — 312 818 
S = as wy US ww 2 222 8 82 
Ay | ESL” 9 228885 
84 — | * 888 92 23 8 28 

2 we 38 E 12 vir =l= 
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RE 1 

| =: NS * * 

| | Ft.1 

Grs. | In. | In. [[nches.|[nches. In. 80 
N c. 

— — — — 
N? 1 208 1,8] o, | 13,2 | 64,5 33,5 [12067] Firſt day. 
21 155 14,5 CT [36,5 1399 55 


This gun carriage being found to be too light, the other, 


deſcribed, and repreſented fig. 8. was ſubſtituted in the room of 
it. 
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"The 
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oY GE 28 1 
8 chargeof [ f. 22812 85 
powder. 24212 32 S| 2 — 5 
= 2 2132 8221 18 
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07 8 SES 83882 = == | 
3 8 3 2 82812 23 Remarks. 
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36 en ſn. In. Inches. Inches. Inches. foe 
RE 297 
Ne 2] 208 1,8 | © | 12,6 | 65, | 17,8 1213]Second day. 
F | —— | 18,5 | — [The pendulum gave wav. | 
„ 14.4.0. — — 38,68 — 44 bullets were fired at once. 
o | —_ 
| 6 _ »5 E 1— 38,48 3 Ditto. 
1177.0 — | — | 6,1 | — [Without any bullet. 


— 7 
h | 17,69 128 1 Pen. No; very fair; 3d day. 
100104, 99 .. 5,2 65,25 10,18 782 | 
| 11] 310|2,7 | © | 9,664,624, 691459 

| 22]+ + | + + [#222] 10,1 þ Os, | 2495115271 | 5p. powder was lighted) 
13] + - | » » [20S] 11,05] 64,75 249 092 by the long vent- tube 
Ei ieee 27 4% q S 
| 15] 330 [2,9 [2,65] 10,9 | 61,5 | 26,2 1748 S* 405 
| 


If. + .. |» 13,2563, „42000 

17] 330 [2,7 2, 6. | 12,7 he barrel very much heated, 
| 18]. . [2,9 | © | 10,4 | 63,5 | 26,3 1619 

IG. - [oof +» . 4. . + « | 0% Þ| 20,4 1633 
20105 1.45 © 6,862,214, 731084 
. . | O,Bgj . . . | 142. 109 % 


22 ; . 2 * 1532 6,7 | 8 | 14,8 1071 
2333 630,6 | 14,58 1035] The ſhort vent-tube (v, 
= 2 POR 9s 7,5 | 61,5 14.881744 fig. 3.) was made uſe of. | 


In order to determine how much of the force of the powder 
was loſt by windage and by the vent, oiled leather was faſtened 
round the bullet, ſo that it now accurately fitted the bore of 
the piece; and in the five experiments, from N' 35. to N' 39. 
incluſive, the valve- vent was made uſe of. 

Weight of the bullet, together with the leather in which it 


was enveloped, 603 grains. 
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Finding that the blaſt of the powder always reached as far as 
the pendulum, when large charges were made uſe of, and ſuſ- 
pecting that this circumſtance, together with the impulſe of 
the unfired grains, might in a great meaſure occaſion the appa- 
rent irregularity in the velocities of the bullets ; to remedy 
theſe inconveniences, a large ſheet of paper of a moderate 
thickneſs was ſtretched upon a ſquare frame of wood, and in- 
terpoſed as a ſcreen before the pendulum at the diſtance of two 
feet from the ſurface of the target. 

Two reaſons conſpired to induce me to prefer this method of 
preventing the impulſe of the flame upon the pendulum to the 
obvious one of removing the pendulum further from the mouth 
of the piece; the firſt was, thatiI was unwilling to increaſe the 
diſtance between the barrel and the pendulum, leſt the reſiſtance 
of the air might affect the velocities of the bullets; and the 
ſecond, which I confeſs did not operate leſs ſtrongly than the 


rſt, was, that the length of the houſe did not admit of a greater 
r diſtance, 


a - Mr. THOMPSON'S $a bo 9 
diſtance, and I was unwilling to * any * of this: appa- 


ratus in the open air. 

But the ſcreen was found to anſwer perfectly well the pur- 
poſe for which it was deſigned, and it was continued during the 
remainder of the experiments, the paper being replaced every 
third or fourth experiment. 


The experiments continued. 
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3 2 * 2 „ BY S ©... S202 I2,05 839 of unfired powder were driven 
| through the ſcreen. 
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The bullets were now put naked into the piece, and the 
powder was lighted by the ſhort vent-tube (v, fig. 3) and ſome 
little improvement was, made in the ſteel edges between which 
the ribbons paſſed that ferved to meaſure the aſcending arcs of 
the pendulum and of the recoil, by which means the friction 
was leflened, and the ribbon was prevented from twiſting or 
entangling itſelf as it was drawn out. 

3 Apparalu 


The barrel with its carriage as before. 
The pendulum, N' 3. and 
Leaden bullets, 


pon Gun-powder, &c.. 


Apparatus. 


weighing 580 grains each. 
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5th day; medium. velo- 
city in theſe: experiments 


and N* 47. 1225. 


Medium velocity 1276 |} 
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Medium velocity 1427. 


Medium velocity 1493. 


Medium velocity ne B 


In theſe 4 experiments the' piece 
was fired with powder alone, and 
the ſcreen was taken away from 
before the AMES 
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The following experiments N' 78, 79, 80, and 81. were 
made in hopes of being able to diſcover a method of adding to 
the force of gun- powder. Twenty grains of the ſubſtances 
mentioned in the remarks upon each experiment were inti- 
mately mixed with the powder of the charge. In the experi- 
ment N' 82. a large wad of tow, well ſoaked in etherial ſpirit 
of turpentine, was put into the piece immediately upon the 
bullet: and in the experiment N' 83. a wad, ſoaked in alkohol, 
was put into the piece in like manner. 


Order 


Co 


* 


nen Gun-powder, &c. 


25 


2 


2 
oF 


5 charge of 
5 4 powder 
2 2 | 2 
> 58 
E 2 5 
2 — oy 
Grs, bids. 
ö 
N— * 
| 70] 145] 1,3 
77 29 0 93 
78 89 0 © 2 
TO oo 4 
. 
. 
844.4 
83 2 8 | . * | 


— 


Remarks. 


# 


"2 4 ws wy 
bd 2 Q 2 2 | 
SO UV . O 
ren 
0 cs |. 0 2 Q 2 — . | 
== gs [RSS] = |. | 
| 2 © — 
5 wo | 44 $4 - 21 ws * 28 X5 
S2 2 = 2 0 2 8 
883. | 
2 ESS D E ZEISS > 
8 [8 £215 SS 
1 DL W | 
oy , K» — 
| 8 
, Ft. in 
In. aches. Inches. Inches. | 
fon 
es | 
O | 523 | 05, | 13,2511037 
„„ „ 64,6 | 13,25 1044 
___ 372 Hs As 8 92 
oy o 4,35 | * * 11,08 
„„ 9,83. 
„ | 4e2 03:4 | 11,45 | 
» © | — 181 = 
0 
89 0 1— — 14,35 — 


] 


7th day; medium velo- 
city 1040. 

20 grs. beſt alkaline ſalt of tartar, 

20 grs. @thicps mineral. 

20 grs, ſal ammon. N 

20 grs. fine brats duſt. | 

The ſcrews which held the hooks 
by which the pendulum was ſuſ- 


»- pended gave way, and the pen- 
dulum came down. 


. 


9 
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In the nine following experiments, vig. from N' 84. to N' 
the valve- vent was made uſe of, and the bullets 
were made to fit the bore of the piece very exactly by means of 
oiled leather, which was ſo firmly faſtened about them that in 
each experiment it entered the target with the bullet. 

The bullet made uſe of in experiment N' 85. was of wood. 

Thoſe uſed in the experiments N* 86. and N 87. were formed 
in the following manner; a ſmall bullet was caſt of plaiſter of 
Paris, which being thoroughly dried, and well heated at the 
fire, was fixed in the center of the mould:that ſerved for caſting 


92. incluſive, 


all the leaden bullets 


made uſe of in theſe experiments; and 


melted lead being poured into this mould, the cavity that ſur- 
rounded the ſmall plaiſter bullet was intirely filled up, and a 
bullet was produced, which to the eye had every appearance of 


lolidity, but was as much lighter than a ſolid leaden bullet of 


the 
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the ſame diameter as the plaiſter bullet was lighter chat. a leaden 
bullet of the ſame ſize. 

In the experiments N' 88. and N' 89. ſolid leaden bullets 
were made uſe of. In the experiment N' go. two bullets were 
diſcharged at once; in the experiment N' 91. three; and in the 
experiment N* 92. four were uſed. 

In each of theſe experiments a freſh ſheet of paper was made 
uſe of as a ſcreen to the pendulum, in order that the velocities 
of the bullets might be meaſured more accurately ; and alſo, 
that the quantity of unfired powder might be eſtimated with 


greater preciſion. 
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In the ſeven following Nee the rie was fired wich 
powder only. Y 
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97,4373, ,s | 17,5 Tbe fereen was taken away. 
15,88 The whole ſurface of the target was beſpattered | 


with unfired grains of powder. 


go. .l..|..| —— | 17,9 | The pendulum was not obſerved. 


In the following experiments Ns 100. and Ne 101. the bul- 
lets were not put down into the bore, but were ſupported by 
three wires, which being faſtened to the end of the barrel pro- 
jected beyond it, and confined the bullet in ſuch a fituation that 
its center was in a line with the axis of the bore, and its hinder 
part was one-twentieth of an inch without or beyond the 
mouth of the piece. 

In experiment Ne 102. the bullet was juſt ſtuck into the bar- 
rel in ſuch a manner that near one-half of it was without the 


bore. 
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All that. part of the bullet which he towards the bore of 
the Piece appeared to be quite flat from the loſs of ſubſtance it 
bad ſuſtained; and its ſurface was full of ſmall indents, which 
probably were occaſioned by the unfired grains of powder that 


impinged a * it. 


_ 8 ger gur, &c. 
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The following experiments were made ond the vendutum 
Ne 4. The reſt of the apparatus as before. 
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Of the method made uſe of for computing the velocities Y the 
bullets. 


As the method of computing the velocity of a bullet Fw 
the arc of the vibration of a pendulum into which it is fired is 
ſo well known, I ſhall not enlarge upon it in this place, but 
ſhall juft give the theorems that have been propoſed by different 
authors, and ſhall refer thoſe who wiſh to ſee more on the ſub- 
ject WA. ROBINS'S New Principles of Gunnery ; to Profeſſor 
EULER's Obſervations upon Mr. xoBINs's Book; and, laſtly, to 
Dr. nurrox's Paper on the initial Velocities of Cannon Balls, 
which | is publiſhed ; in the Tranſactions of the ey for the 
year 1 778. | 
If adenotethe length from the axis of the pendulum to the 
ribbon which meafures the chord of the arc of its vibration; 
J, the diſtance of the center of gravity below the axis; 

V, the diſtance of the center of oſcillation; 

h, the diſtance of the point ſtruck by the bullet; 

» the chord of the aſcending arc of the pendulum ; 

P, the weight of the pendulum ; 

b, the weight of the bullet, aud 


v, the original velocity of the bultet ; 


v=- Pg +7 x nd, is a theorem for finding the velocity 


upon Me. ROBINS'S principles. 


. f =; _ =, ** „is the theorem propoſed by Pro- 


feſſor EULER, who. has corrected 2 ſmall error in Mr. RoB1Ns's 
method; and 


c at 


* Put the raticnal part - X 75 7 | and expreſs Fin the thouſandth 


Parts of a Rhynland foot; then 8 velocity with which the ball ſtrikes the pendu- 
lum wilkbe = * Rhynland feet in a Sat 


v 


2 Gunpowder, &e. 5 : E. 
7 = - 5,672 eg Tx IT: is Dr. HUTTON's theorem, which is 


ſafficiently accurate, ah far more ſimple and expeditious than 
either of the preceding. It is to be remembered, that , , 
and c, may be expreſſed in any meaſure ; but / muſt be Engliſh. 
feet, and v will be the velocity of the bullet in Engliſh feet 3 in 
a ſecond. . 
The velocities of the bullets in moſt of the 1 
riments were firſt 19 7 by EULER's method, as I had not 
then ſeen Dr. Hur rox's paper; but in going over the calcula- 
tions a ſecond time, I made-uſe of Dr. nuTToN's theorem. 
Both theſe methods. gave the ſame velocity very nearly, but tthe 
Doctor's method is by much the eaſieſt in practice. | 
In theſe computations care was taken to make a proper allow- 
ance for the bullets that were lodged in the pendulum, and alſo 
for the velocity loſt by the bullet in paſſing through the ſcreen. ' 
The corrections neceſſary on account of the bullets lodged in 
the pendulum were made in the following manner. 
b was continually added to the value of P, 


_— 
* do the value of g, and 


45 V to the value of J. 


07 the ſpaces occupied by the different charges of Powder... 
The heights of the charges of powder, or the lengths of 


the ſpaces which they occupied in the bore, were determined 
by meaſurement ; and in order that this might be dane with 
greater accuracy, inches and tenths of inches were marked 
upon the ram-rod, and the charge was gently forced down till it 
occupied the fame ſpace in each experiment. 

The following table ſhews the heights of the charges as FEY 


were determined by meaſurement, = allo their heights com- 


puted. 
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puted from the diameter of the bore of the piece, — — ſpe- 
cific gravity of the powder that was made uſe of. 

N. B. By an experiment I ſhall give an account of wi 
I found the f. pecific gravity of this powder ſhaken well 2 
to be to that of rain water as o, 937 15 to 1,000. 


Weight! Height of the charge. 1 In the experiment N? 30. the pow- 


| . oe — 4, der Was put into a. cartridge ſo much 


—| ſmaller than the bore of the piece, that 


Grs. | Inches. | Inches. k ; 
| hs | 0,8957 the charge, inſtead of occupying 1,45 


14s | 1,2490 inches, extended 3,2 inches. By this 
1,4211 

| 105 . 4 | diſpoſition of the powder, its action 

218 1,8775 [upon the bullet appears to have been 


290 6 2,4080 
* — 4 oy much diminiſhed. 


330 2,8422 
yo 3,5828 
43711 39 3.7680 | 


2 


Of the effect that the heat which pieces acquire in firing produces 
upon the force of powder. 


It is very probable, that the exceſs of the velocity of the 
bullet in the ſecond experiment over that of the firſt was occa- 
ſioned more by the heat the barrel had acquired in the firſt 
experiment than by the poſition of the vent, or any other 
circumſtance ; for I have fince found, upon repeated trials, that 
the force of any given charge of powder is conſiderably greater 
when it is fired in a piece that has been previouſly heated by 
firing, or by any other means, than when the piece has not been 
heated. Every body that 1s acquainted with artillery knows, 
that the recoil of great guns is much more violent after the 


ſecond or third diſcharge than it is at firſt ; and on ſhip-board, 


where 
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where it is neceſſary to attend to the recoil of the guns, in 
order to prevent very dangerous accidents that might be occa- 
ſioned by it, the conſtant practice has been in our navy, and, I 


believe, on board the ſhips of all other nations, to leſſen the 


quantity of powder after the firſt four or five rounds: our 32 


pounders, for inſtance, are commonly fired with 14 lbs. of 


powder at the beginning of an action, but the charge is very 
ſoon reduced to 11 lbs. and afterwards to ꝙ Ibs. and the filled 
cartridges are prepared accordingly. 

By the recoil it ſhould ſeem, that the powder exerted a greater 
force alſo in the fourth experiment, being the ſecond upon the 
ſecond day, than it did upon the third, or the firſt upon that 
day ; but the pendulum giving way, it was not poſſible to com- 
pare the velocities of the bullets in the manner we did in the 
two experiments mentioned above. 


This augmentation of the force of powder, when it is fired 


in a piece that is warm, may be accounted for in the following 
manner. There is no ſubſtance we are acquainted with that 
does not require to be heated before it will burn; even gun- 


powder is not inflammable when it is cold. Great numbers of 


ſparks or red-hot particles from the flint and ſteel are frequently 
ſeen to light upon the priming of a muſket, without ſetting 
fire tothe powder, and grains of powder may be made to paſs. 
through the flame of a candle without taking the fire; and 
what is ſtill more extraordinary, if large grains of powder are 
let fall from the height of two or three feet upon a red-hot 
plate of iron, laid at an angle of about 45* with the plane of 
| the horizon, they will rebound intire without being burnt, or 
in the leaſt altered, by the experiment. In all theſe caſes the 
fire is too feeble, or the duration of its action is not ſ ufficiently 


long; 
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long te to beat the powder to that degree which is neceſſary i in 


order to its being rendered inflammable. 

Now as gun - powder, as well as all other bodies, Acquires 
heat by degrees, and as ſome ſpace of time is taken up in this 
as well as in all other Ope: ations, it follows, that powder, which 
has been warmed by being put into a piece made hot by repeated 
firing, is much nearer that ſtate in which it will burn, or,! 
may ſay, is more inflammable than powder which is cold; con- 
ſequently, more of it will take fire in a given ſhort ſpace of 
time, and its action upon the bullet and upon the gun will of 
courſe be greater. 

The heat of the piece will alto ſerve to dry the air in the 
bore, and to clear the inſide of the gun of the moiſture that 
collects there when it has not been fired for ſome time, and 
theſe circumſtances doubtleſs contribute ſomething to the quick- 
neſs of the inflammation of the powder, and conſequently to 
its force. 
As it takes a longer time to heat a large body than a ſmall 
one, it follows, that meal- powder is more inflammable than 
that which 1 is grained; and the ſmaller the particles are, the 
quicker they will take fire. The ſailors bruiſe the priming 
after they have put it to their guns, as they find it very dif- 
cult, without this precaution, to fire them off with a match: 
and if thoſe who are fond of ſporting would make uſe of a 
ſimilar artifice, and prime their pieces with meal-powder, . they 
would miſs fire leſs often, the ſprings of the lock might be 
made more tender, and its ſize conſiderably reduced without 
any riſque, and the violence of the blow of the flint and ſtce] 
in ſtriking fire being leſſened, the piece might be fired with 
greater preciſion. 


3 Concluding 
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Concluding from the reſult of the four experiments men- 
tioned above, as well as from the reaſons juſt cited, that the 
temperature of the piece has a conſiderable effect upon the force 
of the powder, I afterwards took care to bring the barrel to a 
proper degree of heat, by firing it once or oftener with powder 
each time I recommenced the experiments after the piece had 

been left to cool. | 


/ 


Of the manner in which pieces acquire heat in firing. 


I was much ſurpriſed upon taking hold of the barrel imme- 
diately after the experiment Ne 17. when it was fired with 330 
grains of powder without any bullet, to find it ſo very hot that 
I could ſcarcely bear it in my hand, evidently much hotter than, 
I had ever obſerved it before, notwithſtanding the ſame charge 
of powder had been made uſe of in the two preceding experi- 
ments, and in both theſe experiments the piece was loaded 
with a bullet, which one would naturally imagine, by confining: 
the flame, and prolonging the time of its action, would heat 
the barrel much more than when it was fired with powder 
alone. 5" 1 

I was convinced that I could not be miſtaken in che fact, for 
it had been my conſtant practice to take hold of the piece to 
wipe it out as ſoon as an experiment was finiſhed, and I never 
before had found any inconvenience from the heat in holding it. 
But in order to put the matter beyond all doubt, after letting 
the barrel cool down to the proper temperature, I repeated the 
experiment twice with the ſame charge of powder and a bullet; 
and in both theſe trials (experiments N* 18. and N' 19.) the 
heat of the piece was evidently much leſs than what it was in 


the experiment above mentioned (N* 17:). ed thy 
2 N - I now 


Vet. L. 
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Inoue regretted exceedingly the loſs of a fmall. Sen 
mometer, which I had provided on purpoſe to meaſure; the 
heat of the barrel, but it was accidentally broken by a fall the 
day: before I began my experiments; and being ſo. far from 
Londen, I had it not in my power to procure another: I was 
therefore. obliged to content myſelf with determining the — 
of the piece as well as I could by the touch. b 

Being much ſtruck with this accidental diſcovery of the great 
degtee of heat that pieces acquire when they are fired with 
powder without any bullet, and being deſirous of finding out 
whether it is a circumſtance that obtains univerſally, I was 
very attentive to the heat of the barrel after each of the ſuc- 
ceeding experiments; and I conſtantly found the heat ſenſibly 
greater when the piece was fired with powder only, than when 
the ſame charge was made to impel one or more bullets. 
Though the reſult of theſe experiments was totally unex- 
pected, and even contrary to what I ſhould have foretold if I 
had been aſked an opinion upon the ſubje& previous to making 
them; yet, after mature conſideration, I am now convinced, 
that it is what ought to happen, and that it may be accounted 
for very. well upon principles that are clearly admiſſible. _ 

It is certain, that a very ſmall part only of the heat that a 
piece of ordnance. acquires in being fired is communicated to it 
by the flame of the powder; for the time of its action is ſo 
ſhort (not being, perhaps, in general longer than about eth 
or th part of a ſecond) that if its heat, inſtead of being 4 
times, as Mr. xoBINs ſuppoſes, was 400 times hotter than red- 
hot iron, it could not ſenſibly warm fo large a body. of metal 
as goes to form one of our large pieces of cannon. And be- 
fades, if the heat of the flame was ſufficiently intenſe to pro- 
duce ſo great an effect in ſo ſhort a time, it would certainly be 


4 ſufficient 
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fufficients — all inflaminable babe dest it came near, 
and to melt the ſhot that it ſurrounded and impelled, eſpecially 
when they were ſmall, and were compoſed of lead or any other 
ſoft metal; but, on the contrary, we frequently ſee the fineſt 
paper come out of the mouth of a piece uninflamed, after it 
has ſuſtained the action of the fire through the whole length of 
the bore, and the ſmalleſt lead ſhot 1s diſcharged W * 
melted. ö 

But it may be objected here, that bullets are always found to 
be very hot if they are taken up immediately after they come 
out of a gun; and that this circumſtance is a proof of the inten- 
ſity of the heat of the flame of powder, and of its great power 
of communicating heat to the denſeſt bodies. But to this 1 
anſwer, I have always obſerved the ſame thing of bullets diſ- 
charged from wind-guns and croſs-bows, eſpecially when they 
have impinged againſt any hard body, and are much flattened ; 
and bullets from muſkets are always found to be hotter in pro- 
portion to the hardneſs of the body againſt which they are 
fired. If a muſket ball is fired into any very ſoft body, as (for 
inſtance) into water, it will not be found to be ſenſibly warmed ; 
but if it is fired againſt a thick plate of iron, or any other body 
that it cannot penetrate, the bullet will be demoliſhed by the 
blow, and the pieces of it that are diſperſed about will be 
found to be in a ſtate very little ſhort of fuſion, as I have often 
found by experience. It is not by the flame therefore that bul- 
lets are heated, but by percuſſion. They may, indeed, receive 
ſome ſmall degree of warmth from the flame, and ſtill more 
perhaps by friction againſt the ſides of the bore, but it is in ſtrik- 
ing againſt hard bodies, and from the reſiſtance they meet with 
in n thoſe that are iofter, that they acquire by far 
8 the 
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the greater patt of the heat we find in them as ſobn as 25 
tome tb be at teſt, after Havitig been diſcharged from a gun. 
There is another circumſtance that may poſſibly be brought 
as an objection to this opinion, and that is the running of the 
metal in braſs guns upon repeatedly firing them, by which 
means the vent is often ſo far enlarged as to render the piece 
mtirely uſeleſs. But this, I think, proves nothing but that 
braſs is very eaſily corroded, and deſtroyed by the flame of 
gun-powder ; for it cannot be ſuppoſed, that in theſe caſes the 
metal 1s ever fairly melted. The vent of a muſket 1s very ſoon 
enlarged by firing, and after a long courſe of fervice it is found 
neceflary to ſtop it up with a ſolid ſcrew, through the center 
of which a new vent is made of the proper dimenſions. This 
operation is called buſhing, or rather bouching the piece ; but 
in all the better kind of fowling-pieces the vent 1s lined, or 
bouched, with gold, and they are found to ftand fire for any 
length of time without receiving the leaſt injury. But every 
body knows that gold will run with a leſs heat than is required 
to melt- iron : but gold is not corroded either by the ſpirit of 
nitre, or the acid ſpirit that is generated from ſulphur, whereas 
iron is very eaſily deſtroyed by either; and that I take to be 
the only reaſon why a vent that is lined with gold is fo much 
more durable than one that is made in iron. But it ſeems, that 
Iron is more durable than braſs; and perhaps ſteel, or ſome 
other cheap metal, may be found that will ſupply the place 
of gold, and by that means the great expence that attends 
bouching pieces with that precious metal may be ſpared, and 
this improvement may be introduced into common uſe. 

This leads us to a very eaſy and effectual remedy for that 
defect ſo long complained of in all kinds of braſs ordnance, 


the running of the vent; for if theſe pieces were bouched with 
iron, 


3 * 
: : 


” 
iron, b eden e would ſtand _ as well as iron 


— tee. 


; and if ſteel, or any other metal, either ſimple or com- 
— ſhould upon trial be found to anſwer for that pur- 
"of better than iron, it might be uſed inſtead of it; and 
even if gold was made uſe of for lining the vent, I imagine it 
might be done in ſuch a manner as that the expence would not 
be very conſiderable, at the fame time that the thickneſs of the 
gold ſhould be ſufficient to withſtand the force of the flame for 
a very great length of time. 

But to return to-:the heat acquired by guns in firing. It 
being pretty evident that it is not all communicated by the 
flame, there is but one other cauſe to which it can be attri- 
buted, and that is the motion and friction of the internal parts 
of the metal among themſelves, occaſioned by the ſudden and 
violent effort of the powder upon the inſide of the bore, and 
to this cauſe I imagine the heat 1s principally if not almoſt 
intirely owing. It is well known, that a very great degree of 
heat may be generated in any hard and denſe body in a ſhort 
{pace of time by friction, and in a ſtill ſhorter time by colli- 
ſion. For if two denſe hard elaſtic bodies be ſtruck againſt 
each other with great force and velocity, all the parts of. 
„ ſuch bodies will every moment be cloſely comprefled, and 
being rigid will re- act with equal force. Hence a quick and. 
powerful contraction and expanſion will ariſe in every part, 
*© reſembling that ſwift kind of vibrations obſerved in ſtretched 
ſtrings; how great theſe vibrations are may be learnt from 
the inſtance of a bell, when ſtruck with a ſingle blow, by 
* which the whole bulk, however vaſt, will for a long time 
expand, and contract itſelf in infinite ellipſes. And when 
* the attrition above deſcribed is produced, with what force and 


velocity are all the particles of the rubbed body compreſſed, 
2 „ ſhaken, 
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<<, ſhaken, and looſened to their very intimate fubſtiace#®?? x4q 
in proportion to the ſwiſtneſs of this vibration, and the — 
of the attrition and friction, will be the heat that is produce: 
A piece of iron that would ſuſtain the preſſure of any ner 
however large, without being warmed, may be made quite hot 
by the blow of a hammer; and even ſoft and un- elaſtie bodigy 
may be warmed by percuthon, provided the velocity with which 
their parts are made to give way to the blow is ſufficiently rapid, 
If a leaden bullet 1s laid upon an anvil, or any other hard body, 
and in that fituation it is ſtruck with a ſmart blow of a ham- 
mer, it will be found to be much heated; but-the ſame bullet in 
the ſame ſituation may be much more flattened by preſſure, ot 
by the ſtroke of a very heavy body moving with a ſmall velo- 
city, without being ſenſibly warmed. 

Jo generate heat therefore the action of the powder upon the 
infide of the piece muſt not only be ſufficient toſtrain the metal, 
and produce a motion in its parts, but this effect muſt be ex- 
tremely rapid ; and the heat will be much augmented, if the 
exertion of the force and the duration of its action are momen- 
taneous; for in that caſe, the fibres of the metal (if I may uſe 
the expreſſion) that are violently ſtretched, will return with 
their full force and velocity, and the ſwift vibratory motion and 
attrition before deſcribed will be produced. 

The heat generated in a piece by firing is therefore as the 
force by which the particles of the metal are ſtrained and com- 
preſſed, the fuddennets with which this force is exerted, and the 
ſhortneſs of the time of its action; that is to ſay, as the 
ſtrength of the powder and the quantity of the charge, the 
quickneſs of its inflammation, and the velocity with which the 


generated fluid makes its eſcape. 


* Vide sHAw's tranſlation of g0EXHAAVE's Chemiſtry, vol. I. p. 249. 


Now 
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10 \ Now(the-efihit of any given charge pb upon the gun 
is very nearly the ſame, whether it be fired. with a bullet or 
without; but the velocity with which the generated elaſtic 
fluid makes its eſcape, is much greater when the powder i is 
fired alone, than when it is made to impel one or more bullets; 
the heat ought: therefore to be greater in the former * than 
in the latter, as I found by experiment. S Ve: 
But to make this matter ftill plainer, we will ſuppoſe any” 
given quantity of powder to be confined in a ſpace that is juſt 
capable of containing it, and that in this fituation it is by any 
means ſet on fire. Let us ſuppoſe this ſpace to be the chamber 
of a piece of ordnance. of: any kind, and that a bullet, or any 
other ſolid body, is ſo firmly fixed in the bore immediately upon 
the charge, that the whole effort of the powder ſhall not be able 
to remove it. As the powder-goes on to be inflamed, and the 
elaſtic fluid is generated, the preſſure upon the inſide of the 
chamber will be increaſed, till at length all the pow- 
der being burnt, the ſtrain upon the metal will be at its 
greateſt. height, and in this: ſituation things will remain, the 
coheſion or elaſticity of the particles of metal counterbalancing 
the preflure of the fluid. 
Under theſe circumſtances very little heat would be gene- 
rated; for the continued effort of the elaſtic fluid would ap- 
proach to the nature of the preſſure of a weight; and that 
concuſſion, vibration, and friction, among the particles of the 
metal, which in the colliſion of elaſtic bodies is the cauſe of 
the heat that is produced, would ſcarcely take effect. 

But inſtead of being firmly fixed in its place, let the bullet 
now be moveable, but let it give way with great difficulty, and 
by ſlow degrees. In this caſe, the elaſtic fluid will be gene- 
rated as before, and will exert its whole force upon the chamber 


of 
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.of the piece ; but as the bullet gives way to the'preffure, and 
moves on in the bore, the fluid will expand itſelf and grow 
weaker, and the particles of the metal will gradually return 
to their former ſituations ; but the velocity with which the 
metal reſtores itſelf being but ſmall, the vibration that remains 
in the metal, after the elaſtic fluid has made its eſcape, will be 
very languid, as will be the heat that is generated by it. 

But if, inſtead of giving way with ſo much difficulty, the 
bullet is much lighter, ſo as to afford but little reſiſtance to the 
elaſtic fluid in making its eſcape, or if the powder is fired with- 
out any bullet at all; then, there being little or nothing to op- 
poſe the flame in its paſſage through the bore, it will expand 
itſelf with an amazing velocity, and its action upon the gun 
will ceaſe almoſt in an inſtant, the ſtrained metal will reſtore 
itſelf with a very rapid motion, and a ſharp vibration will 
enſue, by which the piece will be much heated. 


Of the effect of ramming the powder in the chamber of the piece. 


The charge, conſiſting of 218 grains of powder, being put 
gently into the bore of the piece in a cartridge of very fine 
paper, without being rammed, the velocity of the bullets at 4 
mean of the 4oth, 41ſt, 42d, and 47th experiments, was 
at the rate of 1225 feet in a ſecond; but in the 68th, 69th, 
and 7oth experiments, when the ſame quantity of powder was 
e down with five or ſix hard ſtrokes of the ram- rod, the 
mean velocity was 1329 feet in a ſecond. Now the total force 
or preſſure exerted by the the charge upon the bullet is as the ſquare 


of its velocity, and 1329 is to 1225 as 1,1776 is to 1; or 
nearly 


g upon un- po wur, Er. . - 
nearly as 6 is to 53 and in that proportion was the force of the 
given charge of powder increafed by being rammed. - 

In the 7 ſt experiment the powder was alſo ering but the 

vent, inſtead of being at the bottom of the bore, was at 1,43, 
and the velocity of the bullet was very confiderably diminiſhed, 
being only at the rate of 1080 feet in z ſecond, inſtead of 1276 
feet in a ſecond, which was the mean velocity with this 
charge, and with the vent in this fituation when the powder 
was rammed. See the experiments Ne 43, 44, 45, and 46. 
When, inſtead of ramming the powder, or preſſing it gently 
together in the bore, it 1s put into a ſpace larger than it is 
capable of filling, the force of the charge is thereby very ſen- 
ſibly lefſened, as Mr. xoBins and others have found by repeated 
trials. In my zoth experiment the charge, conſiſting of no 
more than 165 grains of powder, was made to eccupy 3, 2 
inches of the bore inſtead of 1, 45 inches, which ſpace it juſt 
filled when it was gently puſhed into its place without being 
rammed ; the conſequence was, the velocity of the bullet, 
inſtead of being 1100 feet in a ſecond or upwards, was only at 
the rate of 914 feet in a ſecond, and the recoil was leflened in 
proportion. 

And from hence we may draw this practical inference, that 
the powder, with which a piece of ordnance or a fire-arm 1s 
charged, ought alwaysto be preſſed together in the bore ; and 
if it is rammed to a certain degree, the velocity of the bullet 
will be ſtill farther increaſed. It is well known, that the recoil 
of a muſket is greater when its charge is rammed than when it 
is not; and there cannot be a ſtronger proof that ramming 
mereaſes the force of the powder. 
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Of the relation of the velocities ' of bullets to the in of pour 
by which = are impelled. 


Tt appears "hy all the experiments that have hitherto bien 
made upon the initial velocities of bullets, that when the 
weights and dimenſions of the bullets are the ſame, and they 
are diſcharged from the ſame piece by different quantities of 
powder, the velocities are in the ſub-duplicate ratio of the 
weights of the charges very nearly. 

The following table will ſhew how accurately this law ob- 


fained in the foregoing experiments. 


Velocities 
Charges. Computed. '_ Aual. Difference. 
4373 1706 - -- 19904 
II ©3983 1594 + 61 
310 1486 1459 - 27 
290 1436 1436 2 
218 "IK 1225 — 
208 1216 1256 oY 
165 1083 1087 = 
145 1018 1040 + 
104 860 757 — 103 


The computed velocities, as they are ſet down in this table, 
were determined from the ratio of the ſquare root of 4371 (the 
weight in grains of the largeſt charge of powder) to the 
mean velocity of the bullet with that charge and the vent at 
©; viz. 1764 feet in a ſecond, and the ſquare root of the other 
charges exprefled in grains. And the actual velocities are mcans 


of all experiments that were made under ſimilar circumſtances. 
5 The 


e es. 7. 

The fourth column ſhews the difference of Go computed and 
actual velocities, or the number of feet in a ſecond by which 
the actual velocity exceeds or falls ſhort of the computed : and 
in the fifth column is ſet down the number of experiments 
with each charge, from the mean of which * actual velo- 
city was determined. . 3 
The agreement of the computed ad ava Wes will 
appear more ſtriking, if we take the ſum and difference of thoſe 
velocities with all the charges except the firſt: thus, 


Sum of the velocities, — 1764. 


TIO 


Computed; | Atual. Difference, N' of exp. 
9864 9854 10 23 


So that it appears, that the difference, or the actual velo- 
city, was ſmaller than the computed by , part only at a 
mean of 23 experiments. 2 

But as by far the greater number of the experiments were 
made with the following charges, Viz. 290, 218, 208, 165, 
and 145 grains of powder, let us take the ſum and difference 
of the computed and actual velocities of thoſe charges: thus, 


Som of the velocities 


FD — s 
Computed. Actual. Difference. N of exp. 
5985 6044 + 59 18 


Here the agreement of the theory with the experiments is ſo 
very remarkable, that we muſt ſuppoſe it was in ſome meaſure 
accidental; for the difference of the velocities in repeating the 
lame experiment is in general much greater than the difference 
of the computed and actual velocities in this inſtance; but, I 
think, we may fairly conclude, from the reſult of all theſe 

2 O0 2 5 trials, 
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trials, that the velocities of like miſtet bullets, when they are 
diſcharged from the ſame piece by different quantities of tlie 
ſame kind of powder, are very nearly in the ſub-duplicate 
ratio of the weights of the charges. Whether this law will 
hold good when applied- to cannon balls, and bamb ſhells of 
large dimenſions, I dare not at preſent take upon me to decide; 
but, for ſeveral reaſons that might be mentioned, I am rather 
of opinion, that. it will not; at leaſt not with that degree of: 
accuracy which obtained in theſe experiments.. 


Of the effect of placing ihe vent in different parts of ibe charge. 


There have been two opinions with reſpect to the manner in 
which gun-powder takes fire. Mt. xokIxs ſuppoſes tliat the 
progreſs of its inflammation is f6 extremely rapid, . that all 
„ the powder of the charge is fired and converted into an elaſtic 
44 fluid, before the bullet is ſenſibly moved from its place; 
while others have been of opinion, that the progreſs of the in- 

flammation is much flower, and that the charge is ſeldom or 
never completely inflamed before the bullet is out of the gun. 
The large quantities of powder that are frequently blown 
out of fire arms un-inflamed, ſeem to favour the opinion of 
the advocates for the gradual firing ;, but Mr, xopIns endea- 
vours to account for that circumſtance upon different principles, 
and ſupports his opinion by fhewing that every increafe of the 
charge within the limits of practice produces a proportional 
increaſe of the velocity of the bullet; and that when the pow- 
der is confined by a great additional: weight, by firing two or 
more bullets at a time inſtead of one, the velocity is not ſenſi- 


bly greater than it ought. to be according to his theory. 
c — theor 
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If this were a queſtion merely ſpeculative, it might not be 
worth while to ſpend much time in the diſcuſſion of it; but as 
it is a matter upon the knowledge of which depends the deter- 
mination of many important points reſpecting artillery, and 
from which many ufeful improvements may be derived, too 
much pains cannot be taken to come at the truth. Till the 
manner in which powder takes fire, and the velocity with which 
the inflammation is propagated, are known, nothing can with 
certainty be determined. with. reſpect to the beſt form for the 
chambers of pieces of ordnance, or the moſt advantageous 
ſituation; for the vent; nor can the force of powder, or the 
ſtrength that is required in different parts of the gun, be aſcer- 
tained with any degree of preciſion. 

As it would be eaſy to determine the beſt ſituation for the 
vent from the velocity of the inflammation of powder being 
known, ſo on the other hand I had hopes of being able to come 
at that velocity by determining the effect of placing the 
vent in different parts of the charge ; for which. purpoſe the. 
following experiments were made. 
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By the foregoing experiments it appears, firſt, that the dif 
ference in the force of any given charge of powder which 
ariſes from the particular ſituation of the vent is extremely 
{mall. 

With 165 grains of powder, and the vent at o, the velocity 
of the bullet at a mean of two experiments (viz. the 20th 
and 21ſt) was 1087 feet in a ſecond; and with the ſame charge, 
and the vent at 1,32 inches, the velocity at a mean of the 


22d, 23d, and 24th experiments, was 1082 feet in a ſecond 3 
the 
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the difference, equal. five feet in a ſecond, i 1s, leſs than what 
occurred 1n a repetition of the ſame experiment. 

With 218 grains of powder, and the vent at o, the velocity 
at a mean in the 40th, 41ſt, 42d, and 47th experiments, 
was at the rate of 1225 feet in a ſecond ; and with the ſame 
charge, and the vent at 1,3, the velocity was 1276 feet in a 
ſecond at a mean of four experiments, vix. the 4 3d, 44th, 
45th, and 46th. 


In the firſt ſet of experiments, with 290 grains of powder, 
the velocities were, | 


Vent at o. | vent at 1, 3, Vent at 2,6. 
1414 1476 
1455 1520 
1412 63 2 1493 
304267 34479 
Means 1427 1493 


See the experiments from Ne 48. to N? 57. incluſive. : 


In the ſecond. ſet the velocities were, 


Vent at o. Vent at 2, 6. 
1419 1438 
1460 1423 
1462 1378 
1436 : 
4) 5777 ow 
Rans 1446 1413; 


See the experiments from Ne 109, to No 11 5. incluſive. 


And 
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An d taking the means of all' the velocities in both 

each Fa of the veiiett will be, Hef 1. | 

— | Veit at . Vent at tr, wy Vent waitin 

The f mean e in \ theſe experiments were, 4 5: OS 
Vet at o. Vent at 1, 3. Vent at 2,6. 


22,88 23,34 23,61 


ſets in 


9169 
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In the experiments with 310 grains of powder the velocities 
of the bullets were not determined with ſufficient accuracy to 
be depended on; but the recoils, which were meaſured with 


great nicety, were as follows, viz. 


Vent at o. Vent at 1, 3. Vent at 2,6 


24, 69 24,95 1. 1 IP 


With 330.grains-of powder the mean velocities and recoils 


were, | 
Vent at o. Vent at 1,3. Vent at 2, 6. 
Velocities 1594 1625 1525 
Recoils 26, 075 26,4 2 


In the experiments with 4371 grains (an ounce avoirdupois) 


of powder the velocities and recoils were, 


Vent at o. Vent at 2, 6. 

— . * : — a 
Velocity. - "Recall Velocity, Recoil. 
6 738 33» | T7 1 
1824 _—_ - 1757 33,2 
1728 Vn 33,6 | __ 27%9 32,99 
3)5291 —_ 1 3)5253 3)98, 6 

Means 1764 33.3 1751 23; $66 


Secondly, 


2 
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Secondly, From the reſult of all theſe experiments it appears] 


| that the effect of placing the vent in different poſitions'with 
reſpe& to the bottom of the chamber 1 different, i in different 
charges; thus, with 165 gtains of powder the velocity of the 
bullet was rather diminiſhed by removing the vent from o, or 
the bottom of the bore to 'T, 323 ; but with 218 grains of pow- 
der the velocity was a little increaſed, as was alſo the recoil. 
With 299 grains of 2 the velocity was greateſt when the 
powder was lighted at the vent 1, 3 which was near the middle 
of the charge, and rather greater when it was lighted at the 
top, or immediately behind the bullet, than when it was 
lighted at the bottom. And by the recoil it would ſeem, that 
the velocities of the bullets varied nearly f in the ſame manner 
when the charge conſiſted of 310 grains of powder. | 

With 330 grains of powder, both the velocity and the recoil | 
were greater when the powder was lighted at the middle of 
the charge, than when it was lighted at the bottom ; but they 
were leaſt of all when it was lighted near the top. And when 
an ounce of powder was made uſe of for the charge, its force 
was greateſt when it was lighted at the bottom. But the dif- 
ference in the force exerted by the powder which aroſe from the 
particular poſition of the vent was in all caſes ſo inconſiderable 
(being, as I have before obſerved, leſs than what frequently 
occurred in repeating the fame experiment) that no concluſion 
can be drawn from the experiments, except only this, that any 
given charge of powder exerts nearly the ſame force, whatever 
15 the poſition of the vent. : 

And hence the following practical inference naturally occurs, 
viz. that in the formation of fire- arms no regard need be had to 
any ſuppoſed advantages that gun- ſmiths and others have hi- 
therto imagined were to be derived from particular ſituations for 
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the vent, ſuch a5 diminiſing the, recoil, increafing, the. force 
of the, charge, &g· 3 but the vent may be indifferently in any 
part ot the chamber where it will beſt anſwer upon ather/ap, 
counts: nts; and there is little doubt but the ſame thing will hold 
good in great guns, and all kinds of heavy artillery... ag o In 
. Almaſt every workman who is at all curious in — 2 
| 4 fancy with regard to the beſt form for the bottom of 
. the chamber, and the proper poſition of the vent. They in 
general agree, that, the vent ſhould be as low or far back a 
poſſible, in order, as they pretend, to leſſen the recoil; but no 
two of them make it exactly in the ſame manner. Some make 
the bottom of the chamber flat, and bring the vent out even 
with the end of the breech- pin. Others make the vent ſlanting 
through t the breech-pin, in ſuch a manner as to enter the bore 
juſt in its axis. Others again make the bottom of the chamber 
conical ; and there are thoſe who make a little cylindric cavity 
in the breech-pin, of about two-tenths of an inch in diameter, 
and near half an inch in length, coinciding with the axis of 
the boxe, and bring out the vent even with the bottom of this 
little cavity. 
The objection to the firſt method is, the vent is apt to be 
ſtopped up by the foul matter that adheres to the piece after 
firing, and which is apt to accumulate; eſpecially i in damp wea- 
ther. The ſame inconvenience in a ſtill greater degree attends 
the other methods, with the addition of another, arifing from 
the increaſed length of the vent ; for the vent-being longer it 
is not only more liable to be obſtructed, but it takes a longer 
time for the flame to paſs through | it into the chamber, in con- 
ſequence of which the piece is ſlower in going off, or, as 


ſport{men term it, is apt to hang fire. 
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chat of e hemiſphere; and the” vent ſhould be brought ou di- 
rectly through the fide of the barrel, in à Ire perpendicular ts. 


its axis, and ng to the enter of ile ar on mp 
of the chamber. 19 


- In this'cafe the vent vous be the ſhorteſt poſſible; 1 wild 
be the leaſt liable to be obſtructed, and the piece would be more 
eaſily ckaned; than if the bottom of the bore was of any 
other form. All theſe advantages, and feveral others not leſs 
important, would be gained by making the bottom of the bore 
and vent of ya guns 1 in the fame manner. 


A new method of determining the velit of bullets. 


From the equality of action and re- action ĩ it appears, that the 
momentum of a gun muſt be preciſely equal to the momentum 
of its charge; or that the weight of the gun, multiplied into 
the velocity of its recoil, 1s juſt equal to the weight of the bul- 
let and of the powder (or the elaſtic fluid that is generated from 
it) multiplied into their reſpective velocities: for every particle 
of matter, whether ſoKd or fluid; that iſſues out of the mouth 
of a piece, muſt be impelled by the action of ſome power, 
which power yn re- alt with equal force againſt the bottom of 
the bore. 

Even the fine inviſible elaſtic fluid that i is generated from the 
powder in its inflammation cannot put itſelf in motion without 
re- acting againſt the gun at the ſame time. Thus we ſee pieces, 
when they are fired with powder alone, recoil as well as when 
their charges are made to impel a weight of ſhot, though the 


recoil is not in the ſame degree in both caſes. 
| IF 2 It 
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Me Wel to MHA rlie echty or the fectil in un- an 

caſe, by ſuſpending the gun in ar hotizotitat” poſteidn / by thy 
pendelöds 1085; and ineafuring- the are of its aſtetits byithalng 

ors Hbbon accordi ing to the method already deſtribed; and th 

| will give the momentum of the gun, its weight being Known, 
a an confequently” the momentum of its charge. But in order 
to determine the velocity of the bullet from the recoil, it will 
be neceflary to find out how much the 1 1 of 
the elaſtic fluid contributes to t. ed 
That part of the recoil which ariſes from the expe of 
this fluid is always very nearly the fame, whether the powder is 
fired alone, or whether the charge is made to impel one or more 
bullets, as I have found by a great variety of experiments. 

If therefore a gun, ſuſpended according to the method pre- 
ſcribed, is fired with any given charge of powder, but without 
any bullet or wad, and the recoil is obſerved, and if the ſame 
piece is afterwards fired with the ſame quantity of powder, and 
a bullet of a known weight, the exceſs of the velocity of the 
recoil in the latter caſe, over that in the former, will be pro- 
portional to the velocity of the; bullet; for the difference of 
theſe velocities, multiplied into the weight of the gun, will be 
equal to the weight, of the bullet multiplied into its velocity. 

Tbus if W is ꝑut equal to the weight of the gun, 

U = the velocity of its recoil, when it is fired with 
- any given charge of powder, without any bullet, 


V = the velocity of the recoil, when the ſame 
charge 1 is made to impel a bullet, 


B = the weight of the bullet, and 
v = its velocity, 


It will be v» = = ED, 


9 F | 
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1 vs er how thas; method of determining. en of 
dullets wwilhanfipyer in practicſ e. 
„In the th experiment the l with 1 6 5 grains of Pow. 
der, writhgut a bullet, was 5, 5 inches, and 1 in the 9 5th. experi- 
ment, with the ſame charge, the recoil was 5,6 inches, . The 
mean is 545.5 inches; and the length of the rods by whic! the 
barrel was ſuſpended being 64 inches, the velocity of the recoil 
(SU) anſwering to 5 55 inches meaſured upon the ribbon, 18 
that of 1,1358 feet in a ſecond. tr 

In five experiments, with the ſame Shane of powder, da T 
bullet weighing 580 grains, the recoil was as follows, vlg. 


The 20th experiment 14,73 inches 


21ſt "IT 14,2 
22d — 14,8 

2999 14,58 
24th - 14,68 


—— 


557 2, * 1 4,6 inches at a mean. 


And the velocity of the recoil (= V) anſwering to the length 
is that of 2,9880 feet in a ſecond: conſequently 18 U, or- 
2,9880 — 131358 is equal to 1,85 22 feet in a ſeconßd. 
But as the velocities of recoil are known to be as the chords 
of the arcs through which the barrel aſcends, it is not neceffary 
in order to determine the velocity of the bullet to compute the 


velocities V and U; but the quantity V — U, or the difference 
of the velocities of the recoil when the given charge is fired 
with and without a. bullet, may be computed from the value 
of the difference of the chords, by one operation. "Thus the 
velocity anſwering to the chord 9,05 is that of 1,8522 feet in 


a ſecond, which is juſt equal to V- U, as was before found. 
The. 


then C- e will be as V- U; and confequently as - 


Mr. eee Wh 
The weight of the barrel, together with: its — 25 


| Pry pounds, to which; three quarters of a pound ig to be added 


on account; of the weight of the rods by which it was fuſ. 
pended, which makes W 48 pounds, or 3364906 grains 
and the weight of the bullet was 380 grains, B. is therefore 


to W as 580 is to > 336,900, that is, as 1 is to. 579, 37 very 


| 19 ISP In 0. 
dear; and v ( is equal to VU 370, . 


The ok of V-U anſwering to the experiments PIP 


of 


mentioned was found to be 1,8 52; conſequently che velocity 


of the bullets (= D) was 1,8522 > 579,31 107g feet in a ſe- 


cond, which is extremely near 1083 feet in a ſecond, the mean 


of the velocities, as they were determined by the pendulum. 
But the computation for determining the velocity of a bullet 


upon theſe principles may be rendered ſtill more ſimple and eaſy 


in practice; for the velocities of the coco being as the chord 


meaſured upon the ribbon, if 


c is put equal to the chord of the recoil expreſſed in 
Engliſh inches, when the piece is fired with powder 
only, and 

the chord when a bullet! is diſcharged by the ſame 


charge, 


O 


d V<=U x W 
— 


which meaſures the velocity of the bullet, the ratio of W to B 
remaining the ſame. 


If tRerefore we ſuppoſe a caſe | in which C- e is equal to one 


inch, and the velocity of the bullet is computed from that 
chord, the velocity in any other caſe, wherein C c is greater 


or leſs than one inch, will be found by multiplying the dif- 


ference of the chords C and c by the velocity that anſwers to a 


difference of one inch. 


The 
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The length of this parallel rods by which'the barrel was fuſ- 
| pended being 64 inches, the velocity of the recoilanſweritig to 
Cen inch meaſured upon the ribbon is o, 204655 parts of a 
foot in a ſecond; and this is alſo, in this caſe the value of 
VU; the vflocity of the bullet 1s therefore v = 09,2046; $ 5 * 
579,31 118, 35 feet in a ſecond. | 

Conſequently the velocity of the bullet expreſſed in feet; per 
ſecond may in all caſes be found by multiplying the difference 
of the chords C, and c, by 118, 35» the weight of the barrel, the 
length of the rods by which it is ſuſpended, and the weight of 
the bullet remaining the ſame, and this whatever the charge of 
powder may be that is made uſe of, and however it may differ 

in ſtrength or goodneſs. 

According to this rule the velocities of the bullets: in the fol- 
lowing experiments have been computed from the recoil; and 
by comparing them with the velocities ſhewn by the pendulum, 
we ſhall be enabled to judge of the accuracy of this new me- 
thod of determining the velocities of bullets. 

In the 76th a and 77th experiments, when the piece was fired 
with 145 grains of powder and a bullet, the recoil was 13,25; 
and 13,15, or 13,2 at a mean; and with the ſame charge of. 
powder, without a bullet, the recoil was 4,5 and 4,3, or 4, 4 
at a mean (ſee the 84th and 93d experiments); C=c is: 
therefore 1 3,2 4, 4 = 8, 8 inches, and the velocity of the bul-- 
lets = 8,8 x 118,35 =1045 feet in a ſecond; The mean of 
the velocities as they were determined by the pendulum 1s that: 
of 1040 feet in a ſecond. In the 104th and 105th experiments: 
the recoil was 12,92 and 13,28, and the velocity computed: 
from the mean of thoſe chords is 1030 feet in a ſecond ; but 
the velocity ſhewn by the pendulum was no more than about: 
900 feet in a ſecond. As the recoil was ſo nearly equal to 

what 
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what i it was iti the 76th and 5th experiments before mentiond, 


CORO ents 


Mr. THOMPSO 


od 


when the "velocities ſhewn hy the recoil ànd by the pendulum 


were almoſt exactly the ſame, I am incline to believe, that 
there muſt have been ſome miſtake in determining the velo- 
cities by the pendulum in theſe laſt experiments, and that the 
velocity ſhewn by the recoil is moſt to be depended on. 


With 299 grains, or half the weight of the bullet in pow. 


der, in the 48th, 49th, and 0th experiments, the recoil was 


22558, 22, 92, and 22,38; and the recoil, with the ſame charge 
of powder, without a bullet, at a mean of the both and 


2 1335: 


goth experiments, was 10, 66. The mean of the velocities 


of the bullets, computed from the recoil, is therefore 1416 
feet in a ſecond, and the velocity ſhewn by the pendulum was 
1427 feet in a ſecond : the difference is not conſiderable. The 


mean of the velocities in the 1cgth, roth, 111th, and 
112th experiments is by the recoil 1464, and by the Pendu- 


lum 1444 feet in a ſecond. 
With 330 grains of powder the velocities of the bullets 


appear to have been as follows, viz. 


Vent at o. Vent at 1,3. Vent at 2,0. 
By the recoil 1 1620 1610 
By the pendulum 1594 1625 1528 
See the 62d, 63d, 64th, 6 5th, 66th, 67th, and 17th 


| experiments. 


The uniformity of the recoil was in all caſes very remarkable. 


- "Thus, in the firſt ſet of experiments with 290 grains of pow- 


der (from the 48th to the 57th experiment incluſive), the own 


was, 


* ' 
* = » — 


Vent at 1, 3. 


1 Vent at 0. 
22,58 23,21 
22,92 23,76 
22, 38 23,06 
3067,88 3)70, 03 4793.14 
Means = = 22,626 23,343 and 23,285 


If now we take a mean of the Goth and ggth experi- 
ments, and call the recoil, without a bullet, 10,66 as 5 before, 
the velocities will turn out, 


Ventato. Ventat1,3. Vent at 2,6. 
By the recall - - 1416 1501 1494 
And by the pendulum they were 1427 1 1493 I 2494 


The difference is only 3 +8 5 34 


The recoil was equally regular in the 115th and five ſuc- 
ceeding experiments, when the charge was no leſs than 437 grs. 
=1 ounce avoirdupois in powder; and the velocities of the 
bullets determined from the recoil are very nearly the ſame as 
they were ſhewn by the pendulum. Thus, in the 115th, 
118th, and 119th experiments the mean recoil was 33,35 
and in the 120th, 121ſt and 122d experiments it was 
32,866. And if the recoil without a bullet is called 17,9, as 
it was determined by the 123d experiment, which was made 
immediately after the experiments before mentioned, then will 
the velocities be, 5 
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mee 


et eee ee ee bel vent ab N Vent at 26 
By the recoil INOS a 1822 17/1 
And by the * they were 1 764 1751 

1 . r 
The difference is only = + 58 and +20 feet 


in a ſecond, Which is leſs than what frequently occurs in re- 
peating the ſame experiment. | 

In the 1 1th, 12th, I 3th, and 14th experiments, When the 
piece was fired with 310 grains of powder and a bullet, the 
recoil was 24,69, 24,95 24,9, and 24,9: and in the I 5th, 
16th, 18th, and 19th experimentss with 330 grains of pow: 
der, the recoil was 26,2, 26,2, 26,3; and , The regu- 
larity of theſe, numbers is very ſtriking; and though we 
cannot. compare the velocities of the bation determined by the 
two methods as we have done in other cafes (as there are:rea- 
ſons to believe, that the velocities, as they are ſet down in the 
tables, are not much to be depended on, and as the recoil, with 
the given charge of 310 grains of powder without. a bullet, is 
not known) yet the regularity of the recoil in theſe experi- 
ments affords good grounds to conclude, that the method of 
determining the velocities of bullets founded upon it muſt be 
very accurate. 

But of all the experiments thoſe numbered from 84 to 92 
incluſive afford the ſtrongeſt proof of the accuracy of this me- 
thod. In thoſe every poſſible precaution was taken to prevent 
errors ariſing from adventitious circumſtances, and the weights 
of the bullets and their velocities were ſo various, that the uni- 
form agreement of the two methods of determining the velo- 
cities in thoſe trials amounts almoſt to a demonſtration of the 
truth of the principles upon which this new method is founded. 


By 
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In order to ſhew, in a more ſtriking manner, the reſplt of 
theſe experiments, and the compariſon of the two methods of 
aſcertaining the velocities of bullets, I have drawn the fig. 16. 
where the numbers that are marked upon the line AB. are tak an. 
from A towards B, in proportion to the weights of the ale . 
while the lines drawn from thoſe numbers perpendicular fram 
AB (as ww, v, for inſtance, at the number 2 352) and ending at 
the curve c, d, expreſs their velocities, as ſhewn by the-pendu- 
The continuation of thoſe lines on the oppoſite fide of 
the line AB ſhew the recoil, and alſo the velocities of the bul- 
jets as determined from it; thus ww, r, and the (dotted) lines 


2 Q. 2 parallel 


- » - — — 
* a. ati 


b 


: 


lum. 
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parallel to it, which end at the line g, |; expreſs the recoil ; 
and the portion of each of thoſe lines that is comprebended be. 
tween the line AB and the curve m, n (as zw, 1) is as the velo- 
city of the bullet in the ſeveral experiments. The line A, e, 
denotes the weight of the charge of powder; and the- line 
A, m, the velocity with which the elaſtic fluid eſcapes out of 
the piece, when the powder 18 fired without any bullet. 
Upon an inſpection of this figure, as well as from an exami- 
nation of the foregoing table, it appears, that the velocities 
determined by the two methods agree with great nicety in all 
the experiments after the 87th ; but in the 85th experiment, 
and alſo in the 86th, but particularly in the 85th, the dif- 
ference in the reſult of theſe different methods is very conſia- 
derable: and it is remarkable, that in thoſe experiments where 
they diſagree moſt, the velocities of the bullets,” as determined 
by the pendulum, are extremely irregular ; while, on the other 
hand, the gradual 1ncreaſe of the recoil as the bullets were 
heavier, and the great regularity of the correſponding veloci- 
ties, afford good grounds to conclude, that this diſagreement is 
not owing to any inaccuracy in the new method of aſcertaining” 
the velocities, but to ſome other cauſe that remains to be in- 
veſtigated. | | + ow 
But before we proceed in this inquiry, let us ſeparate the five 
laſt experiments in the foregoing table; and, ſumming up the 
velocities determined by the two methods, we ſhall fee by their 


difference how thoſe methods agreed upon the whole, in 1 this 
inſtance. 


: nen Gun Parbderg S K 


28982 
: frod91 21 seiq rs 2 „nil "11 tbettf? totes 31-07 lollsug 
od babaaito1qgioo, ct 1:49 gr Kerr nech bo 
Ex rime ts. Weight ht of By the By che Dif Fence, - 
= 5 511728 the bullets, | © esl. pendulom. n 
= — att 17. HYIQFS T1 TIT: (id ATE var 
8 8 : ” 
27:88th' > 600 1240 1229 enn 
10 RRR 603 1224 TI: > — 5 A 
n 1017 58 1 
aer 120512954 8393 36 vg 
22 yad 2114 3 812 833 2 — oO 18 
699 : $-v; 2:5 46u 8 - AY 
Sues and diff. of the velocities 5186 „„ 


Here the difference in the reſult of the two acthods does not 
amount to th part of the whole velocity; but I lay no 
ſtreſs upon this extraordinary argument. I am ſenſible that it. 
muſt in ſome degree have been accidental; but as the difference 
in: the velocities, computed by theſe different methods, was in 
no inſtance conſiderable, not being in any caſe ſo great as what 
frequently occurred in the moſt careful repetition of the fame. 
experiment, and as the velocities, as determined by the recoil, 
were rauch more regular than thoſe ſhewn by the pendulum, as 
appears by comparing the curves g, f, and m, u, (fig. 16.) 
with the crooked line c, d, I think we may fairly conclude, 
that this new method may with ſafety be relied on in practice. 
The greateſt difference in the velocities, as aſcertained by the. 
two methods, appears, in the inſtauce of the 8 th experiment, 
where the velocity determined from the recoil exceedg;that.;, 
ſhewn by the pendulum by 346 feet in a ſecond, the former ve: 
locity being that of 2109 feet in a ſecond, the latter only 1763 
feet in a ſecond; and in the two ſucceeding experiments, the 
velocities ſhewn by the pendulum are hkewite deficient, though 
not in ſo great a degree. 


This 


„ m eee eee 
This apparent deficieney remains now to be hecounted for; 
and, firſt, it cannot be ſuppoſed, that it aroſe from any imper- 


fection in Mr. Ronrxs's method of determining the velocities e 


bullets; for that method is founded upon ſuch principles as leave 


no room to doubt of its accuracy; and the practical errors that 


occur in making the experiments, and which cannot be intirely 
prevented, or exactly compenſated, are in general ſo ſmall, that 
the difference of the velocities in queſtion cannot be attributed 
to them. It is true, the effect of thoſe errors is more likely 
to appear in experiments made under fuch circumſtances as 
thoſe under which the experiments we are now ſpeaking of 
were made, than in any other ce; for the bullets being very 
light, the arc of the aſcent of the pendulum was but 1mall, 
and a ſmall miſtake in - meaſuring the chord upon the ribbon 
would have produced a very confiderable error in computing the 
velocity of the bullet: thus, a difference of one tenth of an 
inch, mote or leſs, upon the ribbon in the 85th experiment; 
would have made a difference in the velocity of more than 120 
feet in a ſecond. But independent of the pains that were 
taken to prevent' miſtakes, the ſtriking *agreement of the ve- 
locities determined by the two methods in the experiments 
which immediately follow, as alſo in all other caſes where they 
could be compared, affords abundant reaſon to conclude, that 
the errors ariſing from thoſe cauſes were in no inſtance very 
conſiderable, 

But if both methods of aſcertaining the velocities of bullets 
are to be relied on, then the 3 of the velocities, as de- 
termined by them in theſe 2 can only be accounted 
for by ſuppoſing that it aroſe from their having been diminiſhed 
by the reſiſtance of the air in the paſſage of the bullets from 


the mouth of the piece to the pendulum ; and this ſuſpicion 
will 
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reſiſtance 18 Wan the air oypoſes 04 bodies chat move very ſwiftly 


— ary great velocities, wa were l. very light, and 
confequantly more liable to be retarded by the reſiſtance on that 
account. | 

To put the matter bey ond al doubt, let us ſee what the x re- 
ſiſtance was that theſe bullets met with, and how much their 
velocities were diminiſhed by it. The weight of the bullet (in 
the 85th experiment) was go grains; its diameter was 0,78 of 
an inch, and it was projected with a velocity of 2109 feet in a 
tecond. 

If now a computation be made according to the method laid 
down by Sir 1S$A4C NEWTON for comprelied fluids, it will be 
found, that the reſiſtance to this bullet was not leſs than 8z 
Ibs. avoirdupois, which is ſomething more than 660 times its 
weight. But Mr. roBins has ſhewn, by experiment, that 
the reſiſtance of the air to bodies moving in it with very great 
velocity is near three times greater than Sir ISA AC has 
determined it, and as the velocity with which this bullet was 
impelled is conſiderably greater than any in Mr. RopINs's expe- 
riments, it is highly probable, that the reſiſtance in this in- 
ſtance was at leaſt 2000 times greater than the weight of the 
bullet. | | 

The diſtance from the mouth of the piece to the pendulum, 
as we have before obſerved, was 12 feet; but, as there is rea- 
ſon to think, that the blaſt of the powder, which always fol- 
lows the bullet, continues to act upon it for ſome ſenſible ſpace 
of time after it is out of the bore, and by urging it on coun- 
ter-balances, or at leaſt counter- acts in a great meaſure the 


reſiſtance of the air, we will ſuppoſe, that the reſiſtance does 
1 not 


a * 


Mr. THOMPSON'S S Experiments 


not begin, or - rather that the 1 — of the bullet does not 
beg. to be retarded, till it has got to the diſtance of two feet 
from the muzzle. The diſtance, therefore, between the barrel 
and the pendulum, inſtead of 12 feet, is to be eſtimated at 10 
feet; and as the bullet took up about .;. part of a ſecond in 
running. over that t ſpace, it muſt in that time have loſt a velo- 
city of about 33 5 feet in a ſecond, as will appear upon making 
.the computation, and this will very exactly account for the 
apparent diminution of the velocity i in the experiment; for the 
difference of the velocities, as determined y the recoil and by 
the pendulum, 22109 - 1763= 346 feet in a ſecond, is er- 
tremely near 335 feet in a ſecond, the diminution of the velo- 
city by the reſiſtande as here determined. Be 
the diminution of the velocities of the bullets in the two 
. — experiments be computed In like manner, it Will 
turn out in the 86th experiment 65 feet in a ſecond, and in 
the 87th experiment = 33 feet in a ſecond; and making theſe 
corrections, the compariſon of the two methods of aſcertaining 
the velocities will ſtand thus : L 


= 
©.» 
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5 

NY 3 8 5th exp. $86th exp. der 
Velocities ſhewn by the pendulum, 1763 1317 1136 
Add the diminution of the velocity 


aii 

by the reſiſtance of the air, 7 335 „ 
2098 1382 1169 

Velocity by the recoil, — 2109 1430 1288 
The difference = + 11 448 +119 


So that it appears, notwithſtanding theſe corrections, that 
the velocities in the 86th and 87th experiments, and particu- 


larly 1 in the laſt, as they were determined by the pendulum, ate 
{till 


awder, &c 
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aun artet Feser Bur th ggg of . 
N elogities in t! ˖ hoſe. e.inſtances Atfords abundant Teaſon to conclude, 


; that, it muff f ave ariſen from ſome extraordinary accidental 
cauſe, and therefore, that little dependance is to be put. upon 
the reſu]t. of thoſe experiments. I cannot take upon me to 
determine poſitively what the cauſe was which produced this 
irregularity ; ; but 1 ſtrongly ſuſpect, that it aroſe from the 
breaking of the bullers i in the barrel by the force of the explo- 
ſion: for theſe bullets, as has already been mentioned, were 
formed of lead, incloſing leſſer bullets of plaſter of Paris; 
and I well remember to have obſerved at the time ſeveral finall 
fragments of the plaſter which had fallen down by the fide of 
the pendulum. I confeſs, I did not then pay much attention to 
this circumſtance, as I naturally concluded, that it aroſe from 
the breaking of the bullet in penetrating the target of the pen- 
dulum, and that the ſmall pieces of plaſter I ſaw upon the 
ground had fallen out of the hole by which the bullet entered. 
But if the bullets were not abſolutely broken in pieces in firing. 
yet, if they were conſiderably bruiſed, and the plaſter or a part 
of it were ſeparated from the lead, ſuch a change in their form 
might produce a great increaſe of the reſiſtance, and even their 
initial velocities might be affected by it, for their form being 
changed from that of a globe to ſome other figure, they might 
not fit the bore, and a part of the force of the charge might 
be loſt by the windage. 

That this actually happened in the 87th experiment ſeems 
very probable, as the velocity with which the bullet was pro- 
J<Cted, as it was determined by the recoil, is conſiderably leſs 
in proportion in that experiment than in either of thoſe that 
precede it in that ſet, or in thoſe which follow it, as will ap- 
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pear upon inſpecting the curvature of the line m, n, bp. 16. 
But I forbear to inſiſt further upon this matter. 4 

As I have made an allowance for the reſiſtanee of the air in 
flickexperitaents, it may be expected that I ſhould do it in all 
other caſes; but, I think, it will appear upon enquiry, that 
the diminution of the velocities of the bullets on that account 
was in general ſo inconſiderable that it might ſafely be neg-. 
gcted: thus; for inſtance, in the experiments with an ounce 
bf powder, when the veloeity of the bullet was more than 
1750 feet in a ſecond, the diminution turns out no more than 
about 25 or 30 feet in à ſecond, though we ſuppoſe the full 
reſiſtance to dude begun ſo near as two feet from the mouth of 
che piece; and in all caſes where the velocities were lefs, the 
effect of the reſiſtance was lets in a much greater proportion: 
and even in this inſtance there is reaſon to think, that the di- 
minution of the velocity as we have determined it is too great; 
for the flame of gun- powder expands with ſuch an amazing 
rapidity, that it is ſcarcely to: be fuppoſed but that it follows 
the bullet, and continues to act upon it more than two feet, or 
even four feet, from the gun, and when the velocity of the 
bullet is lefs, its action upon it muſt be ſenſible at a ſtill 
greater diſtance. : 

With 218 grains of powder the recoil” appears to have been 
very uniform; but if the velocities of the bullets are deter- 
mined from the recoil in the 4oth and ſeven following experi- 
ments, when this charge was made uſe of, and from the recoil 
without a bullet in the 72d and 73d experiments, the velocities 


will turn out conſiderably too ſmall, : as we ſhall fee by making 
the computation. 


The 
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Means = 17,93 and 18,34 


And in the yzd and 73d experiments the recoil, with the 
fame charge without a bullet, was 8,72, and 8,47 2 8, 595 at 
a medium, the velocities therefore turn out, 


Vent at o. Vent at 1,5. 


By the recoil 1105 = 1153 
inſtead of 122 225 and 1 1276 as they were ſhewn by the pend. 


The difference 120 and 123 feet-in a ſecond amounts to near 
one twelfth part of the whole velocity. 


This difference is undoubtedly owing to the recoil without a 
bullet being taken too great; for it is not only greater than it 
ought to be, in order that -the velocities of the bullets may 
come out right; but it is confiderably greater in proportion 
than the recoil with any other charge. 


Thus, with 145 grains of powder the recoil was 4,4 


with 165 grains „ it was 5,55 
290 grains _ 3 10, 66 | 
330 grains — 5 EEE 
and with 4574 grains — - — fit was 17,9 


And if the recoil with 218 grains is determined from theſe 
numbers by interpolation, it comes out 7»5 ; and with that 
1 value 
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It is to be remembered, that the 713 and 7 3d experiments, — 
which we before determined the recoil with the given Sap 
of powder without a bullet, were not made upon the lame d ay, 
with the experiments before mentioned; and it is well known, 
that the force of powder is different upon different days. And 


it is worthy of remark, that in thoſe two experiments the 


ſtrength of government powder appeared to be conſiderably the 


greateſt- Tmentios theſe circu mſtances to ſhew the probability. 
there 1 is, that the recoil in thoſe experiments, from ſome un- 
known cauſe, bras greater than it ought to Have been, or ra- 
ther than it would Have been, had the experiments been made 
at the fame time when the experiments with the bullets were 
made; or at any other time under the ſame circumſtances. OY 
As this method of determining the velocities of the bullets 
did not occur to me till after I had finiſhed the courſe of my. 
experiments, and had taken down my apparatus, 1 have not 
had an opportunity of aſcertainig t che recoul, with a and with- 
out a bullet, with that degree of preciſion that 5 could with. 
If P had thought of it ſooner, or if I had recollected that pa- 
ſage in Mr. ROoBITNSs's new Principles of Gunnery, where, he 
ſays; The part of the recoil, arifing from the expanſion of 
„the powder alone, is found to be no greater when it impels 
a leaden bullet before it, than when the ſame quantity is fired 


„ without any wad to confine it:“ I ſay, if that paſlage had 
occurred 


o 
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occurred tu me before it had been too late; I ipal 
have taken ſome pains to have aſcertained the fact; bu Ws 18, 
I think, enough has been done to ſhew, that there is the 
greateſt probability that the velocities of bullets may in all 
caſes be determined by the recoil with great aceuracy; and 1 
hope ſoon to have it in my power to put the matter out afrall. 
doubt, and to verify this new method by a courſe of copchu- 
five experiments \ 5 which Iam preparing for that purpole,, .'-: {+ 

In the mean time 1 would juſt obſerve, that if this. me- 
thod ſhould be found to anſwer, when applied to muſket bul⸗ 
lets, it cannot fall te to anſwer e equally well When 1 it 15 applied to 
cannon balls and bomb ſhells of the largeſt dimenſions; and it 


18 apprehended, that 3 it will be much preferable. to any, method 


; 4 4s 2 


hitherto made public; not only as it, may be applied indif- 
ferently to all kinds of military projedtiles, and that with very; 
little trouble or expence in making the experiment; but alſo 
becauſe by 1t the velocities with which bullets are actually pro: 
jetted: are determined ; whereas by the pendulym their velocities. 
can only be aſcertained at ſome diſtance from the gun, and 
after they have loſt a part of their initial velocities by the reſiſt- 
ance of the air through v which * are obliged to paſs to arrive 
at the pendulum. 111135 

At the triſſing expence of ten or fifteen pounds an apparatus. 
might be conſtructed that would anſwer for making the experi- 
ments with all the different kinds of ordnance in the Britiſh. 
ſervice. The advantages that might be derived from ſueh a 


let of experiments are too o obyi ious to require. being mentioned. 


of 
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4] Of p very accurate Haba of proving guns poeoder. 1 
All the eprouvettes, or r powder-triers, in common uſe a are de- 
Foative 1 in many reſpects. Neither the abſolute force of. gun- 
powder can be determine ed by means of them, nor the. gompa- 
rative force of different kinds of it, but under circumſtances 
very different from thoſe in which the pow der i 18 made. uſe of 
In ſervice.. S 1 Bo | 
As the force of powder ariſes from the ation of an elaſtic 
fluid that is generated from it in its inflammation, the quicker 
the charge takes fire, the more of this fluid will be generated 
in any given ſhort ſpace of time, and the. greater of courſe will 
be its eker upon the bullet. But in the common method of 
Proving vi powder, the weight by which the powder i is con- 
fined is ſo great in proportion to the quantity of the charge, 
that chers is time quite ſufficient for the charge to be all in- 
flamed, even When the Powder is of the 3 1 
before the body to be put. in motion can be ſenfib bly removed 
from its place. The experiment, therefore, may ſhew which 
of two kinds of powder is the ſtrongeſt, when equal quantities 
of both are confined in equal ſpaces, and completely inflamed; 
but the degree of the inflammability, 3 which is a property eſſen- 
tial to the N of the powder, cannot by theſe, means be 
aſcertained. | | 
Hence "1 it appears, how powder may anſwer to the proof, 
ſuch as is commonly required, and may nevertheleſs turn out 
very indifferent when it comes to be uſed in ſervice. And this, 
J believe, frequently happens; at leaſt I know complaints 
from officers. of the badneſs of our powder are very common; 


and I would ſuppoſe that no powder is ever received by the 
6 Board 
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Board” of Ordnance but ſuch as has gone through the eſta- 
bliſhed examination, and has anſwered to the uſual teſt of its 
being of the ſtandard. degree of ſtrength. 

Put though the common powder-triers may ſhew powder 
to be Fetter than it really 1 is, they never can make it appear to 
be worſe than it is; it will therefore always be the intereſt of 
thote who manufacture that commodity to adhere to the old 
method of proving it. But the purchaſer will find his account 
in having it examined in a method by which its goodneſs may 
be aſcertained with greater preciſion. 

The method I Would recommend is as follows. A quantity 
of powder being provided, which, from any previous exami- 
nation or trial, is known to be of a proper degree of ſtrength to 
ferve as a ſtandard for the proof of other powder, a given charge 
of it is to be fired, with a fit bullet, in a barrel ſuſpended by 
two pendulous rods, according to the method before deſcribed; 
and the recoil is to be carefully meaſured'upon the ribbon. And 
this experiment being repeated three or four times; or oftener if 
there is any difference in the recoil, the mean and the extremes 
of the chords may be marked upon the ribbon by black lines 
drawn acroſs it, and the word prog may be written upon tlie 
middle line; or if the recoil is uniform (which it will be to a 
ſufficĩent degree of accuracy, if care is taken to make the ex- 
periments under the fame circumſtances) then the proof mark 
is to be made in that part of the ribbon to which it was con- 
ſtantly drawn out by the recoil in the different trials. 

The recoil, with a known charge of ſtandard powder, being 
thus aſcertained and marked vpon the ribbon, let an equal 
quantity of any other powder (that is to be proved) be fired in; 
the ſame barrel, with a bullet of the ſame weight, and every 
other circumſtance alike, and if the ribbon is drawn out as 
far: 
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far or farther tlian the proof mark, the powder is as gool or 
better than the ſtandard; but if it falls ſhort of that diſtance, 
it is worſe than the ſtandard, and is to be rejected. 

For the greater the velocity is with which the bullet is ini. 
pelled, the greater will be the recoil ; and when the recoil-i; 
the fame, the velocities of the bullets are equal, and the pow- 
der is of the ſame degree of ſtrength, if the quantity of the 
: charge 1 is the ſame: And if care is taken in proportioning the 
charge to the weight of the bullet, to come as near as poſſible 
to the medium proportion that obtains in practice, the deter: 
mination of the goodneſs of gun-powder from the reſult of 
this experiment cannot fail to hold good in actual ſervice. ' - - 

Fi ig. 14. repreſents the propoſed apparatus, drawn to a ſcale 
of one foot to the inch. a, 6, is the barrel fuſpended by the 
p<ndulous rods , 4 Fl and r is the ribbon for A the 
recoil. x | 
The length of che bore is 30 wakes and; its Samer is one 
inch, conſequently it is juſt 30 calibres in length, and will 
carry a leaden bullet of about 3 ounces. 

The barrel may be made of gun metal, or of caſt 3 iron as 
that is a cheaper commodity ; but great care muſt be taken is 
boring it, to make the cylinder perfectly ſtrait and ſmooth, as 
well as to preſerve the proper dimenfions. Of whatever metal 
the barrel is made, it ought to weigh at leaſt 50 Ibs. in order 
that the velocity of the recoil may not be too great ; and the 
rods by which it is ſuſpended ſhould be five feet in length. The 
vent may be about one twentieth of an inch in diameter; and it 
ſhould be bouched or lined with gold, in the fame manner as the 
touch-hole is made in the better kind of fowling pieces, in 
order that its dimenſions may not be increaſed by repeated 

firing. 
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we: 85 + it mold be Pager if "they w. were < all calt i in the | 
fame mould, and of the ſame parcel}. of lead, as. in that caſe 
their weights and dimenſions would be more accurately | the 
ſamegand the experiments would of courſe be more concluſive. 
The: ſtated charge of powder may | be half. an ounce, and it 
ſhould always be put up in a cartridge of very fine paper; and 
after. the piece is loaded it ſhould be primed with other powder, 
firſt taking care to prick the cartridge 7. theoſting,s a Pruning 5 
wire doyn the vent. 1 
As it appears, from. ſeveral experiments mala on purpoſe. to 
aſcertain the fact, that ramming the powder more or leſs hay. « a 
very ſenſible effect to increaſe or diminiſh the force of the 
charge: to prevent any inaccuracies that might ariſe from that | 
cauſe, a ram rod, ſuch. as 1s repreſented fig. 15. may be wade 
uſe of. It is to be made of a cylindric piece of wood i in-the 
ſame manner as ram-rods in general are made, but with + the 
addition of a ring C, about one inch and a half, or two inches | 
in diameter, which, being placed at a proper diſtance from the 
end (a) of the-ram-rod that goes up into the bore, will prevent 
its being thruſt up too far. This ring may be made of wood, 
or of any kind of metal as ſhall be found moſt convenient. 
The other end of the ram- rod (5) may be 31 or 32 inches in 
length from the ring, and the extremity of it being. covered 
with a proper ſubſtance, it may be made uſe of for wiping out 
the barrel after each experiment. 
The machine (J) for the tape to ſlide through may E the 
ſame as is deſcribed by Dr. nur rox in his account of his expe- 
riments on the initial velocities of cannon balls; as his me- 
thod is much better calculated to anſwer the purpoſe than that 
propoſed and made uſe of by Mr. xoBiNs, It will alſo be 
Vol. LXXI, 8 1 better 
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better for the axis of the pendulous rods to reſt upon level 
pieces of wood or iron, than for them to move in circular 
grooves: only care muſt be taken to confine them by ſtaples or 
ſome other contrivance, to prevent their flipping out of their 
places. 
Ahe thutinions,” by means of which the bare f 18 "connedted. 
wilt tlie pendulous 'rods, and upon which it is ſupported, 
ſhould be as mall as poſſible, 1 in order to leflen the friction 15 
and for the ſame reaſon they ſhould be well poliſhed, as well as, 
the grooves that receive them. They need not be caſt upon the, 
barrel, bur may be ferewed | into it after it is finiſhed. | 

Ti takin: the Experiments, regard muſt be had to dhe hegt 

of the Barrel, as well a! as to the temperature of the atmoſphere ; 5 
for Heat and cold, dryneſs and moiſture, have a very ſenſible 

= effeck upon gun-powder to increaſe or diminiſh its force. 1 11 
thetefbte a very great degree of accuracy 15 at anf time 16. 
quired, it will be beſt to begin by firing the piece two. or three 
times merely to warm it; after which three or four experte, | 
ments may be made with ſtandard powder, to determine anew. | 
the proof” mark (for the ſtrength of the ſame powder | is dif- 
ferent upon different days); ; and when this is done, the experi- 
ments with the powder that is to be proved are to be made, | 
taking care to preſerve the ſame interval of time between the 81 
firings, that the heat of the piece may be the fame 1 in each. 
wa | es ep 

If all theſe precautions are taken, and if the bullets; are of 
the ſame weight and dimenſions, powder may be proved by. - 
this method with much greater accuracy than has hitherto been 


done by any of the common methods made uſe of for that 


pu poſe. 
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Leet V denote the 8 of the bullet with che ranger 
| powder, and put v equal to the velocity with the weaker, 
when the charges are equal, and the weight and dimenſions of 
the bullets are the ſame, and when they are diſcharged from 
the ſame piece. If the charge i is augmented when the weaker , 
powder i made uſe of, till the velocity of the bullet ! is in- 
creaſed from v to V, or becomes equal t to the velocity With the 


given charge of the ſtronger powder, the value of the charges. 


may then be faid to be equal; and conſequently the weaker 
powder f 18 as much worſe than the ſtronger, or is of lefs value 


in proportion 2s the quantity of it required by the pound, to 


produce the given effect is greater. 25 


But it is well known, that the velocities, with Krone & 


quantities of the ſame kind of powder, are in the ſub-duplicate -- 


ratio of the weights of the charges. The charges, therefore, 'Þ 


muſt be as the ſquares of the velgcuies, - and conſequently the 
charge of the weaker powder muſt be to that of the ſtronger, 
when the velocities are equal, as VV is to vv. The-weaker 


powder is therefore as much worſe than the, ſtronger as VV is 


greater than vv ; or the comparative goodneſs of powder, of 


different degrees of ſtrength, is as the ſquares of the velocities 5 
of the bullets when the charges are equal. e 


The mean velocity of the bullets, as ſhewn by the pen- 
dulum in the 104th and 10 5th experiments, when the piece 
was fired with I45 grains of government powder, w was 885 94 feet 
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in ſecond ; and with the ſatne quantity of double proof * hat- 
tle powder (experiment Ne 106) the velocity was-9yo feet in a 
ſeeond:. Now the ſquates of theſe: velocities, which, as we 
juſt obſerved, meaſure the goodneſs of the - each 
other as. 1 is. to 1,2263. or nearly as 5 13 to 6. ng 01-47 to om 
With 218 grains of government powder, as mean be- 
locity i in four experiments (vzz. the 40th, 41ſt, 42d; and 43d) 
was 1225 feet. in a ſetond ; and in the experiment N- 10 
when the ſame quantity of double proof battle powder was 
made uſe gh, t the . velocity was 1 380 in a ſecond; and 


1225. is to 1380 as 1. is to 1,2691. u 28 Ub 
With 299 grains, or half the weight of the bullet i m ny 
verniment powder in the 109th, rioth, 111th, and 112th" 
experiments, the mean velocity of the bullet was 1444 feet 
in a ſecond; but with the ſame quantity of the battle powder 
(experi ment N* I 16.) the velocity Was 1 525 feet 1 in a ſecond z 


1444 e 1759, as · K if to 1, 1153 

By taking a mediem of theſe trials it appears, that double 
proof battle powder is better. than government 1 in bo- 
portion as 1, 2036 is to, or nearly as 6 is to 5. . 5 

But if, inſtead of weigking the powder, we eſtimate the 
quantity of the charge by meaſurement, or the ſpace it occupies | 
in the bore of the piece, the comparative ſtrength - of battle 
powder will appear to be conſiderably greater, or its ſtrength _ 
will be to that of government powder nearly as 4 is to 3; for the 
grains of this better kind of poder being more compact and 
my of. ' n wy 4 a greater welght of 1 it will he in N | 


by This i ”» called 1 n nat becauſe it is uſed in battle or in war; but 
from Battle, the name of a village in Kent, where that kind of -powder is made. 


5 given 
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given. ſpace than of government powder, which is FT mos 
loofely, and of various and of vety irregular ñgures. WE 977 


Now: the common price of double proof battle powder, 25 
it ne the wholeſale dealers i in that ys” is at — 


pound; . gorergment RA is fold at Les 5 F. pdt 8 
dred, or one ſhilling and 4th of a penny per pound; but bãt- 
tle powder i is better than government powder only in the Pro- 
portion of 1,2036 to 1, or of one ſhilling and two pence to 
one ſhilling: and eth. of a penny; battle powder is therefore 
ſold at the rate of ten pence by. the pound, or 413 ber ent- 
dearex, than ; it ought, to be; 3 O thoſe, who make uſe of it in pre- | 
ference. to government powder, do it at 2 certain lots; of 413! 
per . 6 the MONEY that: nee coſts them. 


, A += : . 
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_ of: the rakigks i 1 weite of Bullets 10 des- TY 
NI. Ii ol 81 I 
According to Mr. z0812 Ns's N * bullets of, the-lame* 
diameter, but different weights, ,are. diſcharged. from the fame: - 
piece by the ſame quantity of poyder; their velocities ſhould be 
in the reciprocal ſub-duplicate ratio of their weights; but as 
this theory is founded upon a ſuppoſition that the action of the 
claſhe fluid, generated from the powder; is always the ſame in 
any and every given part of the bore when the charge is the 
ſame, whatever may be the weight of the bullet; and as no 
allowance 1 is made for the expenditure of force. required to put 
the fluid itſelf in motion, or for the loſs of it by the vent; it is 
plain that the theory is defective. It is true, Dr. Hur rox in his 
experiments found this law to obtain without any great error, 
and poſſibly it may hold good with ſufficient accuracy in many 
caſes; for it ſometimes happens that a number of errors or 
actions, 
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ations, whoſe operatibrs hav des Gontrary tendency „ fo | compen- 
ſute each other, that their effects when united” are What fenfſle. 1 
But when this is the caſe, if any one of the caſes of "ertor's 
removed, thoſe which 'remain will he detected. ar 
When any given charge is loaded with a dev bullet „More 
of the powder is inflamed in any very ſhort ſpice of time than 
when the bullet is lighter, and the action of the powder ought 
of courſe to be greater on that account; but then a heavy bul- 
let takes up more time in paſſing through tlie bore than a Tight” 
one, and conſequently more of the elaſtic fluid, generated from 
the powder, eſcapes by the vent and by windage. It may hap-' 
pen, that the augmentation of the force, on account of one of 
theſe circumſtances, may exactly counterbalanc the diminution 
of it ariſing from the other; and if it ſfibuld be found upo 
trial that this is the caſe in general, in pieces as they are now 
conſtructed, and with all the variety of ſhot that are made uſe 
of in practice, it would be of great uſe to know the fact: ànd 
poſſibly it might anſwer as well, as far as it relates to the art of 
gunnery, as if we were perfectly acquainted with, and were 
able to appreciate, the effect of each varying circumſtance under 
which an experument can be made. But when, concluding too 
haſtily from the reſult of a partial experiment, we ſuppoſe 
with Mr. xoBINs, that becauſe the ſum total of the action or 
preſſure of the elaſtic fluid upon the bullet, during the time of 
its paſſage through the bore, happens to be the ſame when bul- 
lets of different weights are made uſe of (which collective 
preſſure is in all caſes proportional to, and is accurately mea- 
{ured by, the velocity, or rather motion, communicated to the 
bullet) that therefore the preſſure in any given part is always 
exactly the ſame, when the quantity of powder is the ſume 
with which the _ is fired; and from thence endeavour to 
( RT pProve, 
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prove, * the inflammation of, gun-powder! 1 15: aten 


or that the whole charge! is in all caſes. inflamed, and“ con- 
« yerted into an elaſtic fluid before the bullet is ſenſibly moved 


from its place; ſuch eee, and concluſions may lead/ to 


very dangerous errors. 


It; 18, undoubtedly true, that if. ths bench alluined by Mi: 
ROBINS With reſpect to the manner in which gun- powder takes 
fire, and the relation of the elaſticity of the generated fluid ti 


its denſity, or the intenſity of its preſſure upon the bullet as it 


expands i in the barrel, were juſt, and if the loſs of force by the 


vent and windage was in all caſes. inconſiderable, or if it was. 


prevented, the deduCtions from the theory reſpecting the velo- 
cities of bullets. of different weights would always hold good. 


But if, on the contrary, it ſhould be found upon making the 
experiments carefully, and in ſuch a manner as intirely to pre- 
vent inaccuracies arifing from adventitious circumſtances, that 
the velocities obſerve a law different from that which the theory 
ſuppoſes, we may fairly conclude, that the principles _ | 


which the theory is founded are erroneous. 


could contribute to render them perfect and concluſive. . 


A particular account of them with the means uſed for form- 
ing the bullets, and making them fit for the bore, and the con- 
trivance for preventing the eſcape of the elaſtic fluid by the 
vent, &c. may be; ſeen. in the general table, p. 245. The fol- 


lowing table ſhews the reſult of them. 
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Let us now ſee how far theſe experiments differ 8 FRE | 
theory. Thoſe numbered from 84 to 92 incluſive were made 
in ſuch a manner that no part of the force of the powder Was 
loſt by the vent, or by windage, as has already been mentioned, 
and all poſſible attention was paid to every circumſtance that 
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wh compudecf 2 N 28 b Wy are le Ban ! in this tab, 
were determined from the actual velocity of the bullet, as deter- 
mined by the recoil in the 8 5th experiment; and thereciprocal 
ſub-duplicate ratio of its weight to the weight of the bullet in 
each ſubſequent experiment; and in the laſt column, 1 is marked 
the difference between the experiment and the theory, or the 
number of feet in a ſecond, by which the. tual velocity 
exceeds the computed. 3 
But in order that we may ſee this matter in ſeine: points 
of view, let the order of the experitnents be now inverted, and 
let the computed velocities be determined from the actual velo- 
city in the gad experiment; and aſſuming the total or collec- 
tive preſſure exerted by the powder upon the bullet in that expe- 
riment equal to unity, let the collective preſſure in the other 
experiments be computed from the ratio of the actual to the 
computed velocities, and the table will ſtand thus: 
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point P let the perpendicular PH be erected, upon which let PL. 6 
and PM be taken from P towards H of ſuch magnitudes that 


while PL expounds the uniform force of gravity, or the weight 
of the bullet, PM ſhall be as the force exerted by the powder 


Vor, LXXI, =: upon 


| bpon, hd7bullecar-the moment of the —ů A nov 
| ſuppoſe! 1 that while the bullet aneyes on from I towards B, a 
line PM or pm, goes along with ir, and that the point v is 
always: taken in ſuch a manner that the line fn, thall-be to 
ph, or PL, as the force acting upon the bullet in the point , 
18 bo i its. weight, till pm, coincides with QB, then will the 
area PMQB be to the area PLDB in the duplicate proportion of 
the velocities hich the bullet would acquire when acted . on by 
its, own gravity through the ſpace PB, and when impelled 
through the ſame ſpace by the force of the powder, as may 
be ſeen demonſtrated by Sir is AAc NEWTON, in his e 
tical. Principles of Natural Philoſophy, book I. prop. 39. 
Now what I: call the collective preffure, or ſum total of ah 
action of the powder. upon the bullet, is the meaſure of the 
area PMB; and it is plain, from what has been ſaid above, 
that/its meaſures. are in all caſes. to be accurately defermined, 
when the weight and velocity of the bullet are known. 
If all the powder of the charge was inflamed at once, or be: 
fore the bullet ſenſibly moved from its place ; and if the preſ- 
ſure of the generated fluid was always as its denſity, or inverſely 
as the ſpace it occupies, then would the line MQ he an hyberbola, 
the area PMQB would always be the fame when the charge 
was the fame, and conſequently the velocities of the bullets 
would be as the ſquare-roots of their weights inverſely. But 
it appears, from the before mentioned experiments, that when 
the weight of the bullet was increaſed four times, the action 
of the powder, or area PMQB, was nearly doubled; for in 
the 92d experiment, when four bullets were diſcharged at 
once, the collective preſſure was as 1; but in the 89th experi- 
ment, when a ſingle bullet was made uſe of, the collective 
4 preſſure 
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proffare was only as 08 2g — S3tþ;186),nogd 
$7th® cxperitatits; hen the bullets wete) much 1— 
ac Ron ef tlis charge was ſtill leſs. 20e: 0 ey o IT on! 
„But [though we can determine with jparoernnlatyryoela 
theſe experiments, the ratio in which the action of the powder 
vpon/the bullet was increaſed or diminiſhed, by making: uſe of 
bullets of greater or leſs weight; yet we cannot from thence 
aſcertain the relation of the elaſticity of the generated fluid to 
its denſity, nor the quantity of powder that is inflamed at dif- 
ferent- n 1 and . the bullet Ne to move in tlie 
bfr: „„ 5 ä S0 
But Aumisg Mr. ROBINS's been as far as W to the 
elaſticity of the fluid, and ſuppoſing that in all the experiments, 
except the 92d, a part only of the charge took fire, and that 
that part was inflamed and converted into an elaſtic fluid before 
the bullet began to move ; upon that ſuppoſition we can deter- 
mine the quantity of powder that took fire in each experiment; 
for the quantity of powder in that caſe would: be as the — 
tive preſſure. | 
Thus, if the whole charge, = 145 grains in . is r- 
poſe to have been inflamed in the 92d experiment, the quan- 
tity inflamed in each of the other experiments will — to 
have been as follows; Vs ol DET fon he 7 COW, 
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But Sh are „ne a to FRY . the 3 
of the action of the pawder upon the bullet, when it is lighter, is 

not: ſo much Wing to the ſmalleſs of the quantity of 4 

chat takes fire in that caſe as to the vis inertiæ of the generated 

fluid. It is true, that a greater portion; of the charge takes 
fire when the bullet is heavy than When it is light, as I found 
ip che very experiments of which Lam. now ſpeaking ;. but then 
the quantity of unfired powder, in any caſe was: much too ſmall. 
to account for the apparent diminution of the force when Ugh. 
bullets were mage uſe of. 

H the elaſtie fluid, an the an: of Which the Gow of: 

powder, conſiſts, were infinitely fine, or if, its weight bore no 

proportion to that of the powder that generated it; and if the 
groſs matter, or caput mortuum, of the powder remained in the 
bottom of the bore after the exploſion, then, and upon no 
other ſuppoſition, would the preſſure upon the bullet be in- 
verſely as the ſpace occupied. by the fluid: but it is evident that 
this can never be the caſe. 

A curious ſubject for ſpeeulation here occurs: how far would 


it be advantageous, were it poſſible, to diminiſh the ſpecific | 


gravity of gun-pewder, and the fluid generated from it, with- 
43 out 


. f 1 . 23M % & 
ant leſſening its laſts force ? Ig would certainly ach pen very 
| light bollets with greater force; but when heavy ones came to 

he made. uſe of, there 1 is reaſon. to think, that, & except extrqor⸗ 

dinary precaution, w 1 taken to prevent it, the greateſt part, oh 
the force, would be 101 by the vent and by windage. "my 
The yelocity with which elaſtic fluids ruſh into a void ſpace. 10 
as the elaſticity uf the fluid directly, and inverſely as its den- 
ſity; if, therefore, the denſity of the fluid generated from 

8 was four times leſs than it is, its elaſticity remaining 
the ſame, it would iſſue out at the vent, and eſcape by the fide 
ef the bullet in the bore, with nearly four times as great a 
velocity as it does at preſent; but we know from experiment 
that the loſs of force on thoſe accounts is now very began 
derable. 

In the experiments Ne⸗ 76. 2 er ide m wk fired: 
with 145 grains of powder, the velocity of the bullets at a- 
mediumi was 1040 feet in a ſecond; but in the 88th and 8gth 
expttiments, when the bullets were even heavier, and the 
piece was fired with the ſame quantity of powder, the mean 
velocity was 1232 feet in a ſecond. The difference = 192 
feet in a ſecond, anſwers to a difference of force greater in the 
laſt experiments than. in the firſt in the proportion of 14 to 10. 

I know of no way to account for this difference, but by ſup- 
poſing that it was owing intirely to the eſcape of the elaſtic 
fluid by the vent, and by windage, in thoſe experiments where 
the vent was open, and the bullets. were put naked into the 
piece. | 

An elaſtic bow, made of very light wood, will throw an 
arrow, and eſpecially a light one, with. greater velocity than 2 
bow of ſteel of the ſame degree of ſtiffneſs : but, for practice, 

E think it is plain, that gun - powder may be ſuppoſed to be ſo 
-. light: 
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preſent ; at the firing of Fee arte and ee Waun 8 ai 
ſhot and ſhells, muſt have obſerved, that there! is a ſenſible ſpace 
of time elapſes between the lighting of the Prime and the k 
ploſion ; and that, during chat interval, the flame is continual 
iſſuing out at the vent with : a hiſſing noiſe, and with a Prodi. 
gious velocity, as appears by the height to which the ſtream of 
fire mounts up in the air. It iS plain, that this loſs muſt be 
greater in proportion as the 12 that is diſcharged 1 is heavier] 
and I have often fancied, that perceived a ſenfidle differendb il in 
the time that clapſed between the firing of the x prime and the 
exploſion, when bullets were diſcharged, and \ Eben the Pech 
has been fired with powder only ; 4 the time being appareritly 
longer in the former caſe than the latter. eee 
Almoſt all the writers upon gun· powder, and particularly 
thoſe of the laſt century, gave different recipes for powder that 
18 deſigned for different uſes. Thus the French authors men- 
tion poudre d mouſquet, poudre ordinaire de guerre, poudre d& 
chaſſe, and poudre d'artiſice; all of which are compoſed of falt 
petre, ſulphur, and charcoal, taken in different proportions. 
Is it not probable, that this variety in the compoſition of pow 
der was originally introduced in conſequence of obſervation 
that one kind of powder was better adapted for particular 
purpoſes than another, or from experiments made on purpoſe 
to aſcertain the fact? There is one circumſtance that would 


lead us to * that that was the mm That kind of pow- 
der 
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g whic | ſed in ſmaller pieced: 
ſor i ere is any foundation for theſe conjettures, it is cer- 
1 70 1 the prakeſt powder, or the heavieſt in proportion to 
elaſtic force, ought to be uſed to impel the heavieſt bullets, 
nd 9 in guns that are imperfectly formed, where the 

large, and the windage very great. 

- * am perfectly aware, that an objection may here be made, 
viz. t that the elaſtic fluid, which 18 generated from gun- powder, 
muſt be ſuppoſed to have the ſame properties very nearly, 
whatever may be the proportion of the ſeveral ingredients, and 
that therefore the only difference there can be in powder is, 
that one kind may generate more of this fluid, and another lefs ; 
and that when it is generated, it acts in the ſame manner, and 
will alike eſcape, and with the ſame velocity, by any paſlage it 
can find. But to this I anſwer, though the fluid may be the 
fame, as undoubtedly it is, and though its denſity and elaſti- 
city may be the ſame in all caſes at the inſtant of its generation, 
yet in the exploſion, the elaſtic and un- elaſtic parts are ſo mixed 
and blended, that I-imagine the fluid cannot expand without 
taking the groſs matter along with it, and the velocity with 
which the flame iſſues out at the vent is to be computed from 
the elaſticity of the fluid, and the denſity or weight of the fluid 
and the groſs matter taken together, and not ſimply from 
the elaſticity and denſity of the fluid. If antimony in an im- 
palpable powder, or any other heavy body, - was- intimately 
mixed with water in a veſſel of any kind, and kept in ſuſpenſion 
by ſhaking or ſtirring them about ; and if a hole was opened 
in the ſide or bottom of the veſſel, the water would not run 
out without taking the particles of the ſolid body along with 
it. And in the ſame manner I conceive the ſolid particles that 

; remain 
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As.1y appears, from theſe ſe exp periments, that the "relation of the 
yelocit ties of bullets t to their ee is different from tliat Whith 
Mr. ponins's theory ſuppoſes, it remains te inquite whit the 
law. i is which actually obtains. And, firſt, as the velocitis 
Deer a greater proportion to each other hat the recipfocal fub- 
duplicate ratio of the wei ohts "of the bullets let us I How 
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Here the velotities computed upon the laſt ſuppoſition appear 
to agree much better with the experiments than thoſe com- 
puted upon Mr. RoBINS's principles; but ſtill there is a cout 
derable difference between the actual and the eomputed veloci 
ties in the three laſt experiments in the table. ? 
As the powder itſelf 1s heavy, 1t may be conſidered as 2 


Weight that is put in motion n along with the bullet; and if we 
ſuppoſe 


. * 

ſuppoſe a of the , 2 always uniform 
zem the bullet to the brech, the velocity of the center of 
gravity. of the poder or (which amounts to the ſame thing) of 
the elaſtic fluid, and the groſs matter generated from it will 
be juſt half as great as the velocity of the bullet. If therefore 
we put P to denote the weight of the powder, B the weight 


.of the bullet, and v its initial velocity; then BVA PY 
B+EP x V will expreſs the momentum of the charge at the 
inſtant when the bullet quits the bore. © 

If now, inſtead of aſcertaining the relation of the velacities 
to the weights of the bullets, we add half the weight of the 
powder to the weight of the bullet, and compute the wvelo- 
cities from the reciprocal fub-triplicate ratio of the quantity 


B+ IP i in each — the table. will ſtand thus: 
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The agreement between the actual and computed velocities. 
Is here very remarkable, and particularly i in the fve firſt expe · 
iments. w certainly thoſk uporr vv 10 the greateſt 
dependence may be placed. — 
And hence we are enabled to We Ates ar the 
, and gf (fig r6.); for ſince B(which expreſſes the weight 
of the bullet) is as. the length taken from A towards B in the 
6gure in the ſeveral experiments; and as the velocities are as 
the. lines drawn perpendicular to che line AB from the places 
whete thoſe lengths terminate, as 40, u, &c. ending at the 
eurve u, ; if we put 2 = IP, x=B, and y=wu;. then 
— relation of * and y be defined by this equation 

. And if a de pot to denote the line wo 7, and 5 


* wool when the, given charge i 15: | fired without any bullet, it 


will be +6 Din the curve g/ x 2 the abſciſſa, and. 
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. the g 2d « experiment half the weight of the — _ 
was 724 grains; the weight of the bullet was 2352 graifis 
is ; the recoil ( Dr) was 32,25 inches, and with the given 
charge without any bullet the vecoil () was 4.4 inches; if 
now from theſe dare, and the known weight of the bullet in 
cach.of the n TT in this ſet, the recoi be computed: 


brand of the theorem —* 7 7 =—+þ=2, we ſhall ſee how the 
zeſult of thoſe * — 8 with 2 _ thus, 
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Here the agreement of PRO aftual and pt recoile is'ax 
remarkable as that of the actual and computed velocities i in the 
foregoing table. 

By the — 17. may be PR at one view the reſult « of all 
theſe experiments and computations. The numbers upon the 
line AB (as in the fig. 16.) repreſent the weights of the ballet 
while the lines drawn from thoſe numbers perpendicular to AB 
ou each fide, and ending at the curves m, , are as the velocities 
of the bullets in the ſeveral experiments; the line AB being the 
axis of the curves, the lengths taken from A to the different 
numbers towards B (= x) the abſcifla, and the perpendiculars 
() the correſponding ordinates. The ordinates to the 
the curve hn, are as the velocities computed from the theorem 
7 ==y, and the ordinates to the curve p, u (which is the 
logarithmic. curve, as it is > - =} ſhew the velocities computed 


upon Mr. ROBINS'S 1 The curve gf is drawn from 
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upon the — to'this curve by large round dots, which in 


all the experiments, except the 86th and 87th, very nearly 
coincide with the curve. | rv vi wn NO 
In the fig 18. the numbers upon the 1 AB, taken fromA; 
denote the different charges of powder uſed in the courſe of 
the experiments, while the ordinates to the curve ad, expreſs 
tp clocities of the bullets, with the vent at o. The _ 
drawn perpendicular from the line AB to the line /, repre 
ſent the recoil with the ſeveral charges of poder, and a * 
bullet; - and the portion of thoſe: lines that is comprehended:: 
between the line AB and the line gh, denotes the recoil when 
the given charge.) was fired without any bulle. 
Having now ſhewn by experiment the relation. of the velocis:; 
ties of bullets to their weights, when care is taken to prevent 
inticely the loſs of force by the eſcape of the elaftic. fluid 
through : the vent and by the windage, I ſhall leave it to may," 
thematicians, to determine from theſe date the n of 
chat fluid. n 211 
But, before I take my leave of this ſubje&, 1 wank juſt ob- 
ſerve, that Mr. xo81Xs is not only miſtaken in the principle he 
aſſumes, reſpecting the relation of the elaſticity of the fluid 
generated from gun powder to its denſity, or rather the law of 
its action upon the bullet as it expands in the bore; but his 
determination of the force of gun- powder is alſo erroneous, 
even upon his own principles: : for he determines 1 its force to be 
1000. times greater than the mean preflure of the atmo- 
ſphere ; ; whereas i it appears, from the reſult of the 92d experi- 
ment, that Its force is at leaſt I en times W than the 


2 17 3-0 177 42 4 mean | 


oper OnPpdiblan} $67 3c᷑Fe 
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Haring provided- myſelf Sh a ſmall duty of this won- 
derfuli powder, upon the goodneſs of which I could depend, 4 
endeavoured to aſcertain its exploſive force by making uſe of = 
inſtead of gun-powder for diſcharging a bullet, and mac 
by means · of the pendulum, the velocity which the bullet 
quired; and concludin g. from the tremendous report with cn 
this ſubſtance explodes, that its elaſtic force was vaſtly greater 
than that of gun- powder, I took care to have a barrel provided 
of uncommon ſtrength, on purpoſe for the experiment. Its 
length in the bore is 13,25 inches, the diameter of the bore is 
0,55 of an inch, and its weight 7 Ibs. 20z. It is of the beſt 
iron, and was made by wooDoN; and the accuracy with which 
it is finiſhed does credit to the workman. 

This barrel being charged with one ſixteenth of an ounce 
(= 27,34 grains) of aurum fulminans and two leaden bullets, 
which, together with the leather that was put about them to 
make them fit the bore without windage, weighed 427 grains ; ys 
it was laid upon a chaffing-diſh of live coals, at the diſtance of 
about 10 feet from the pendulum, and againſt the center of the 


target of the pendulum the piece was directed. 

Having ſecured the barrel in ſuch a manner that its direction 
ſhould not alter, I retired to a little diſtance, in order to be out * 
of danger in caſe of an accident, where I waited in anxicus 
expectation the event of the exploſion. 


I had 
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Thad remained i m this — ſome minutes, and al moſt 
deſpaired of the experi eht's' fuceeeding, when the powder 
exploded, but with a report infinitely leſs than what! expected, 
the paiſe not greatly exceeding | the report of 5 a well-charged 
wind gun; and it was not tid I ſaw the Pendulum in motion? 
that I could be perſuaded that the bullets had been diſcharged? 
I found, however, upon examination, that nothin g was left "7 
the barrel, and from the great number of ſmatt particles of 
revived metal that were diſperſed about, I had reafon to think 
that.all the powder had exploded, 
The bullets ſtruck the pendulum nearly! in the center of the 
target, and both of them remained in the wood: and I found, 
upon making the calculation, that they had impinged a again nftix 
with a velocity of 428 feet in a ſecond. TOM 
If we now ſuppoſe that the force of aurum fulminans ariſes 
from the action of an elaſtic fluid that is generated from it in 
the moment of its . exploſion, and that the elaſticity - of this 
Auid, or rather the force it exerts upon the bullet as it goes on 
to expand, is always as its denſity, or inverſely as the ſpace it 
occupies ; then, from the known, dimenſions of the barrel, the 
length of the ſpace occupied by. the charge (which in this ex: 
periment was 0,47 of an inch), and the weight and velocity of 
the bullets, the elaſtic force of this fluid at the inſtant of its 
generation may be determined: and I find, upon making the 
calculation upon theſe principles, that its force turns out 307 
times greater than the mean elaſtic force of common air. 
According to Mr. roBiNns's theory, the elaſtic force of the 
fluid generated from gun-powder in its inflammation is 1,000 
times greater than the mean preſſure of the atmoſphere; 


the force of aurum fulminans, therefore, appears to be to that 
of gun · powder as 307 is to 1, oeo, or as 4 is to 13 very nearly 
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To determine the ſpecific gravity of gun-powder 1 e u 
of the following, method. A large glaſs bucket, with a narrow 
mouth, being ſuſſ pended to one of the arms of a very nice 
balance, and exactly counter-poiſed by weights put in the op- 
polite ſcale, it was filled firſt with government powder poured 
in lightly, then with the fame powder ſhaken well together, 
afterwards with powder and water together, and laſtly with 
water alone, and in each caſe the contents of the bueket were 
very exactly weighed. 

The ſpecific gravity of gun- powder, as abe un 


theſe experiments, is as follows : 


Specific gravity of rain water — , oo 
Government n as it lies light jn a heap, mixed] 26 
with air b "IAG 

Government powder well ates together 1 0 N OF 
The fold ſubſtance of the powder - - 1,745 


Heer it appears, that a cubic inch of government powder 
ſhaken well together weighs juſt 243 grains; that a cubic inch 
of ſolid powder would weigh 442 grains; and, conſequently, 
that the interſtices between the particles of the powder, as it 
is grained for uſe, are nearly as great as the ſpaces which theſe 
particles occupy. 
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Mr. TROMPSON's Experiments 


MISCELLANEOUS EXPERIMENTS, 


Of ſome unſucceſs/ul attempts io mereaſe the force of gun-powder, 


It has been ſuppoſed by many, that the force of ſeam is 
even greater 'than that of gun- powder; and that if a quantity 
of water, confined in the chamber of a gun, could at once be 
rarified into ſteam, it would impel a bullet with prodigious ve- 
locity. Several attempts have been made to ſhoot bullets in this 
manner; but I know of none that have ſucceeded ; at leaſt ſo 
far as to render it probable that water can ever be ſubſtituted in 
the room of gun-powder for military purpoſes, as ſome have 
imagined. 

The great difficulty that attends makin g theſe n 
lies in finding out a method by which the water can at once be 
rarified, and converted into elaſtic ſteam; and it occurred to 
me, that poſſibly that might be effected by means of gun-pow- 
der, by confining a ſmall quantity of water in ſome very thin 
ſabſtance, and ſurrounding and inclofing it with powder, and 
afterwards ſetting fire to the charge. The method I took to do 
this was as follows. Having procured a number of air blad- 
ders of very ſmall fiſhes, I put different quantities of water 
into them from the ſize of a ſmall pea to that of a ſmall piſtol 
bullet, and tying them up cloſe with ſome very fine thread, I 
hung up theſe little globules in the open air till they were quite 
dry on the outſide. I then provided a number of cartridges 
made of fine paper, and filled them with a known quantity of 
powder, equal to the cuſtomary charge for a common horſe- 


.man's piſtol ; and having loaded ſuch a piſtol with one of my 
and | 
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hd a fit bullet, I laid it down upon the ground, and PP... 
it againſt an oaken plank that was placed about fix feet from the 
muzzle,” I frech it off by a train, and carefully 6bferved the 
recoil, and alſo the penetration of the bullet. I then took 
ſeveral of the filled cartridges that remained, and pouring out 
part of the powder, I put one or more of the little bladders: 
filled with water in the center of the cartridge, and. afterwards: 
pouring: back the remaining part of the _ confined the 
water in the midit of the powder. | 

With theſe cartridges and afit bullet, the piſtol was. ſucceſ- 
fively loaded, and being placed upon the ground as before, and 
fired by a train, the recoil, and the penetration of the bullets 
were obſerved; and I conſtantly found, that the force of the 
charge was very ſenſibly diminiſhed by the addition of the 
globule of water, and the larger the quantity of water was that 
was thus confined, the leſs was the effect of the charge; nei- 
ther the recoil of the piſtol, nor the penetration of the bullet, 
being near equal to what they were when the given quantity 
of powder was fired without the water; and the report of the 
exploſion appeared to be leſſened in a ſtill * * 
than the recoit or penetration. 

Coneluding that this diminution of the force of the Tharge 
aoſe from the burſting of the little bladder, and the diſperſion 
of the water among the powder before it was all inflamed, by 
which a great part of it was prevented from taking fire, I re- 
peated the experiments with highly rectified ſpirits of wine in- 
ſtead of water; but the reſult was nearly the ſame as before: 
the force of the charge was conſtantly and very ſenſibly dimi- 
mſhed. I afrerwards made uſe of etherial oil of turpentine, 
and then of imall quantities of quickſilver; but ſtill with no 
Vor. LXXI. X Xx 4 — — 
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better ſucceſs, Every thing I mixed with the powder, Aſtest 
of increaſing, ſerved to leſſen the force of the charge. 

_ + Theſe trials were all made ſeveral months before 1 began the 
courſe of my experiments upon gun-powder, which I have 
already given an account of; and though they were altogether 
unſucceſsful, yet I reſumed the 1 inquiry. at that time, and made 
ſeveral new experiments, with a view to find out ſomething 
that ſhould be ſtronger than powder, or which, when mixed 
with it, ſhould increaſe its force. 

It i is well known, that the elaſtic force of quickſilver con- 
verted into vapour is very great; this ſubſtance I made uſe of 
in my former trials, as I have juit obſerved, but without ſuc-. 
ceſs. I thought, however, that the failure of that attempt, 
might poſſibly be owing to the quickſilver being too much in a 
body, by which means the fire could not act upon it, to the. 
greateſt advantage; but that if it could be divided into exceed-. 
ing ſmall particles, and ſo ordered that each particle might be 
completely ſurrounded by, and expoſed to, the action of the 
flame of the powder, it would he very ſoon heated, and poſſibly 
might be converted into an elaſtic ſteam or vapour, before the 
bullet could be ſenfibly removed from its place.. To determine. 
this point I mixed. 20 grains of æthiops mineral very intimately 
with 145 grains of powder, and charging the piece with this 
compound, it was loaded with a fit bullet and fired; but the 
force of the charge was leſs than that which the powder alone 
would have exerted, as appears by comparing the 76th and 77th 
experiments with the 79th. 

Common pulvis fulminans is made of one part of, ſulphur, 
two parts of falt of tartar, and three parts of nitre ; and if we 
may judge by the report of the exploſion, the elaſtic force of 


this compound 15 conſiderably greater than that of gun-powder. 
] was 
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I was willing — the effect of mixing f ſalt of tartar with g 25 

powder, and accordingly having provided ſome of this able 
ſalt in its pureſt ſtate, thoroughly dry, and in a fine pow der, 1. 
mixed 20 grains of it with 145 grains of gun- powder . and 
upon diſcharging a bullet with the mixture, I found that the 
alkaline ſalt had conſiderably leſſened the force of the powder. 
See experiment N* 78. 

I next made uſe of ſo! ammoniacum. That ſalt has been 
found to produce a very large quantity of elaſtic air, or vapour, 
when expoſed to heat under certain circumſtances; but when 
20 grains of it were mixed with a charge of gun-powder, in- 
ſtead of adding to its force, it diminiſhed it very . See 
the 8oth experiment. 

Moſt, if not all, the * are OY to produce large 
quantities of air when they are diſſolved in proper nienſtrua, and 
particularly braſs, when it is diſſolved in ſpirit of nitre. De“ 
firous of ſeeing if this could be done by the flame, or acid 
vapour of fired powder, I mixed 20 grains of braſs in a very 
fine powder, commonly called braſs duſt (being the ſmall 
particles of this metal that fly off from the wheel in ſharpening 
pins), with 145 grains of powder, and with this compound 
and a fit bullet I loaded my barrel and diſcharged it; but the 
experiment (Ne 81.) ſhewed, that the force of the powder was 
not increaſed by the addition of the braſs duſt, but the con- 
trary. e f 
It ſeems probable, however, that neither braſs duſt nor 
æthiops mineral are of themſelves capable of diminiſhing the 
force of gun- powder in any conſiderable degree, otherwiſe than, 
by filling up the interſtices between the grains, and obfireing 
the paſſage of the flame, and ſo impeding the progreſs of the in- 
ammation. And hence it appears, how earthy particles and 

22 impurities 
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npurities of all kinds are ſo very detrimental to gun- powder 
1* 5 is not that they deſtroy « or alter the properties of any of the 
bodies of which the powder is compoſed, but ſimply, that by 
obſtructing 1 the progreſs of the inflammatian, they leſſen its 
force, and render it. of little or no value. Too much care, 
therefore, cannot be taken in manufacturing TE to free 
the materials from all heterogeneous matter. 


07 an attempt 2 foot flame inſtead of bullets. 


: Having often obſerved. paper and other light bodies to come 
out of great guns and ſmall arms inflamed, I was led to try if 
other inflammable bodies might not be ſet on fire in like man- 
ner, and particularly inflammable fluids ; and I thought if this 
could be effected, it might be poſfible to project ſuch ignited 
bodies by the force of the explonon, and by that means 
communicate the fire to other bodies at ſome conſiderable 
diſtance ; but in this attempt I failed totally. I never could 
3 ſet dry tow on fire at the diſtance of five yards from the 
muzzle of my barrel. I repeatedly diſcharged large wads 
of tow and paper, thoroughly ſoaked in the moſt inflammable 
Auids, ſuch as alkobo!, æiberial ſpirit of turpentine, balſam of 
fulpbur, &c.; but none of them were ever ſet on fire by the 
explofion. Sometimes I difcharged three or four ſpoonfuls of 
the inflammable fluid, by interpofing a very thin wad of cork 
over the powder, and another over the fluid; but ſtill with no 
better ſucceſs. The fluid was projected againſt the wall as be- 
fore, and left a mark where it hit ; but it never could be made 
to take fire; ſo I gave up the. attempt. If it had ſucceeded, 
probably it would have turned out one of the moſt important 


diſcoveries in the art of war that have been made ſince the 
invention of gun- powder. 
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XVI. Account of @ luminous Appearance in the Heavens. By 
Mr. Tiberius Cavallo, F. R. S. in 4 Letter to Sir Joſeph 
Banks, Bart. P. R. S. 


Read April 5, 1781. 


TAKE the liberty to ſend you an account of a luminous 
appearance obſerved laſt night in the heavens, which ſeems 


to be very ſingular in its nature, and quite diſtinct from the 
aurora borealis. 

At about half an hour paſt nine yeſterday evening, being the 
27th of March, a white light began to be ſeen in the ſky, which 
became gradually more and more denſe till ten o'clock, at which 
time it formed a compleat luminous atch from eaſt to welt. 
Of this I have been informed by others; bat at a quarter paſt 
ten I went dut of the houſe and obſerved it myſelf. At that 
time it appeared to be an arch of about feven or eight degrees in 
breadth extended from eaſt to weſt, or, as ſome of my friends 
imagined, in the direction of eaſt by north to weſt by ſouth. 
Its weſtern part quite reached the horizon ; but the eaſtern part 
of the arch ſeemed to begin at about 50 or 60* above the hori- 
zon. It did not paſs through the zenith but at about 87 or 10? 
ſouthward of it, and it was nearly perpendicular to the horizon. 

The whiteneſs of this arch was much denſer than that 
any aurora borealis J ever obſerved, though it did not caſt fo 
much light upon the terreſtrial objects. Towards the middle 
it was ſo denſe, that the ſtars over which it paſſed were 


I eclipſed ; 
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3 50 Mr. EAVALLO's Arens of a A Appearance, Xe. 
eclipſed; but the ſides of chis luminous arch were more faint 


and tranſparent, 


The incloſed drawing ſhews its appearance at about half an 
hour paſt ten o'clock. At about three quarters paſt ten it began 
to loſe its brightneſs, firſt at A, and then vaniſhed gradually, ſo 
that at eleven o'clock none of it could be perceived. As ſoon 
as any part of this arch loſt its denſe whiteneſs, the ſtars ap- 
peared through it quite diſtinct, ſo that it could not be a cloud, 
The light alſo ſeemed to vaniſh witFout change of place; for 


it did not appear to be diſperſed De: the ky, or to 58 rags 


in any direction. 

This extraordinary appearance to me ſremed quite difing 
from the aurora boreal:s for the following reafons, wiz. becauſe 
it eclipſed the ſtars over which it paſſed; becauſe its light, or 
rather its white appearance, was ſtationary and not lambent; 


| and becauſe its direction was from eaſt to weſt. 


The atmoſphere was in other ref; pects very ſerene, theſtars ſhin- 
ing very bright, and no cloud appearing. The northern light 
was exceedingly faint, and very low about the northern point of 
the horizon. The wind was nearly north-eaſt, and it could be 
juſt perceived in the ſtreets. 


7 


J am, &c, 
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XVII. Account of an Earthqua/e at Hafodunos near Denbigh. 
By John Lloyd, Ei. F. R. S. in 4 Letter to Sir Joleph 
Banks, Bart. P. R. S. 


Read April 5, 1781. 


Ha fodunos near Denbigh, . 
DEAR SIR, Dec. 31, 1782. 


PON the 29th day of laſt Auguſt, at 8 h. 37 30, 1 a 
was fitting on my * bed-fide, and heard a rumbling. bh 
noiſe, as if. at a diſtance :. the ſound ſeemed to approach me, 
and when. it was greateſt the bed. rocked and ſhook ſo much 
that I could ſcarcely keep my feat. I could have no doubt of 
its being an earthquake, and inſtantly looked at my barometer, . 
which is of Mr. DE Luc's conſtruction; it ſtood at 29.57 inches. 
Attached thermometer 65*. The barometer had been ſtationary 
nearly for the three preceding days, and did not ſeem to be 
affected with the ſhock... The morning was remarkably fine, 
and not a ſingle cloud to be ſeen. Two of my fifters and a 
gentleman were walking upon the terrace in the garden by the 
fide of a wall: they all perceived the noiſe, at firſt as if at a 
great diſtance ; but when it was greateſt they perceived the 
wall to ſhake, though they did not obſerve any agitation under 
their feet. As they were walking, and obſerved the {pot when 


* This houſe is built upon the fide of a rock ; and my bed-chamber, though 
up two pair cf ſtairs, is on a ground-floor, the floor is not more than one foot 
from the ſolid rock in my bed. chamber. 


they 
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oth. 


theilt hear d the ſound, and the {por 5 came to when it 
ceaſed, I was enabled to aſcertain. its duration pretty exactly, 


and find it to have been from fifteen to eighteen ſeconds. Its 
courſe was nearly from ſouth-8aſt to north-weſt. Some other 
perſons in our bouſe perceived-a « double ſhock; and this bas been 
obſerved by many who felt it in other places. It was felt at 
Flint by Mrs. 8EAMAN and her daughter, who obſerved the 
cups rattled upon the ſaucers as they ſat at breakfaſt. Mr. 
PENNANT'sS family, at Downing, fancied that an empty wag- | 
gon was coming into the back-court, which is paved. It was 
ſtrongly felt at Llonrwſt by the whole town, and part of a 
ſtone wall was flung down. At Carnarvon (which is in the 
ſame parallel of latitude as this place, 53* 10”) the ſhock was 
very flight. It was perceived in many places about Conway ; 
but not at all by any one in town. Sir HUGH WILLIAMS felt 
it very ſtrongly at his houſe near Beaumaris, At our friend Mr, 
pavies's, in that town, a door chpped: backwards and forwards 
ſeveral times; and at Lord-BULKELEY's ſeat, Boron-hill, the 
family were much alarmed, it was ſo violent. It was ſtrongly 
felt at Holyhead, and at an etninent folicitor's in the iſland of 
Angleſey, the deſks before ſeveral clerks in his office ſhook ſo 
that they could not write. It was ſtrongly perceived at Mr. 
FITZMAURICE's, at Lleweny-hall in the Vale of Clwyd, and 
in ſeveral other places in that Vale. All the peninſula in Car- 
narvonſhire called Llun, ſurrounded by St. George's Channel, 
was ſhook very much. There have been two ſhocks fince this 
I have been deſcribing, Mr. pENNANT felt one; but I was not 
ſenſible of either. The times it was felt at differ very much on 
account of the variations in the ſeveral dials from whence the 
clocks are regulated; but I am very exact as to my own time, 
9 the day preceding the earthquake, and that very day, 


aſcertained 


W 


Earthquake at Hafod unos near Denbi gh. 333 
aſcertained my time by equal altitudes, taken with one of Mr. 
p18D's aſtronomical quadrants of one foot radius. As every 
phenomenon of this kind 1s intereſting, you may, perhaps, 
with to communicate this account to the Royal Society ; which 
you are welcome to do, if you think it worth the attention of 
ſo illuſtrious a body. 


I have the honour to be, &c. 
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XVIII. On the Hias | of the, Water in tht: Gulf fiream;;\ By 


eſabteles Mags, M. D. Aue . F, R. S 
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NE of the moſt remarkable facts obſerved in navigating 
the ocean, is that conſtant and rapid current which Its 
along the eoaſt of North America to the northward and eaſt- 
ward; / and is commonly known to ſeamen by the name of the 
Gulf-ftream. It ſeems juſtly attributed to the effect of the 
trade-winds, which blowing from the eaſtern quarter into the 
great Gulf of Mexico, cauſe tliere an accumulation of the 


water above the common level of the ſea; in con ſequence of 


which, it 1s- conſtantly running out by the channel where it 
finds leaſt reſiſtance, that is, through the Gulf of Florida, 
with ſuch force as to continue à diſtinct ſtream to a very great 
diſtance. Since all ſhips going from Europe to any of the 
fouthern provinces of North America muſt croſs this current, 
and are materially affected by it in their eourſe, every circum- 
ſtance of its motion becomes an object highly intereſting to the 
ſeaman, as well as of great curioſity to the philoſopher. An 
obſervation which occurred to me on the ſpot ſuggeſts a new: 
method of inveſtigating a matter chat appears ſo worthy of 
attention. | 
During a voyage to Ameriea in the ſpring of the year 1 ROY I 
uſed frequently to examine the heat of ſea-· water newly drawn, 
in order to compare it with that of the air. We made our paſſage 


EZ | 3 
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firto the fouthward. In this ſituation, the greateſt heat of the 
Frater which I obſerved was fuch as raiſed the quickſilver in 
rAAHRENRHRT᷑'s thermometer to 77 . This happened twice; 
the firſt tim d the roth ef April, in latitude 21 197 M And 
| longitude, by“ Sur reckoning, 52* W; and the ſecond time, 
three days afterwards, in latitude 22 7 and longitude 5 but 
in general the heat of the fea near the tropic of Cancer about 
the middle of April was from 56* to 77% 
The rendezvous appointed for the fleet being off Cape Fear, 
our courſe, on apptoaching the American coaſt, became/hgfth- 
weſtward. ' On the 23d * of April the heat of the ſea ot 9 
our latitude at noon 28 N. Next day the heat was only 
717; We were then in latitude 297 12“; the heat of the water, 
therefore, was now leſſening very faſt in proportion to the 
change of latitude. The 25th our latitude was 31 3“; but 
though we had thus gone almoſt 2 farther to the northward, 
the heat of the ſea was this day rather increaſed; it being 72 
in the morning, and 7274 in the evening. Next day, the' 26th 
of April, at half after eight in the morning, I again-plunged 
the thermometer inte ſea · water, and was greatly ſurpriſed to 
ſee the quickfilver riſe to 787, higher than I had ever obſerved 
it, even within the tropic. As the difference was too great: to 
be imputed to any accidental variation, I immediately conceived 
that we muſt have come into the Gulf-ſtream, the water of 
which ſtill retained great part of the heat that it had acquired 
in the torrid zone. This idea was confirmed by the ſubſequent 
regular and quick diminution: of the heat: the ſhip's run 
for a quarter of an hour had leſſened it 253 the thermometer; 


#f V 
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* From the ference between civil and nautical time, it becomes neceſſary to 
oblerve, that the former is always meant in this paper, hb 
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ings. Accordingly, between four and five in the afternoon 
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| at — After. iebt, being rqiſed I gar ade b fable, 


drawn. only to Hey JF, PING the heat was reduced 10:/137oſlands 
in 5 e an, LE more, do 71: nearly; all this/timeothe 

blew freſh b, ind We were going ſexen knoten hour n 
1 -weſtern. courſe, The water now began 10 loſe the fin 


tran ſparent blue colour of the Ocean, and to ſaſſume ſomething 
of a (greeniſh. oliye tinge, a well-known. indication of ſound- 


251 
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be was ſtruck with the lead at the depth of eighty fathom, 
he, heat « of the ſea being then reduced to 59 ny In the eourſe of 
tk following, night and next day, a 


water . and nearer the land, the en of. the. Fo 


4 TJ 


Ou 
dial ly ſunk to 65* „ which was nearly, that of the air at the 


4 : 


time. 


Caforrunately had weathes on the auth Aa x us 3 
taking an obſervation of the ſun but on the 27th, though; 1t- 
was then cloudy at ngon, we calculated the latitude :fromy two: 
altitudes, and found it to be 33 26 N. The difference of this 
latitude from that which we had obſerved on the 25th, being 
2” 2 3. : was fo much greater than could be deduced from the 


ſhip” s run marked in the log- book, as to convince, the ſeamen 


that we had been ſet wann miles to the northward by to! 


current. 


2 


On the 2 5th at noon, the 3 1 our en 
was 74 W. and I believe the computation to have been pretty 
Juſt ; but the ſoundings, together with the latitude, will deter- 
mine the {pot where theſe obſervations were made better than 
any reckoning from the eaſtward. The ſhip's run on the 26th, 
from nine in the forenoon to four In the afternoon, was about 
ten leagues on a north-weſt by north courſe; ſoon afterwards 


we 
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went 


1505 | 
Fronwitheſs Obſervatiöns, 1 think, te” pil be coße uded 7 
tuatethe Gul AHL, about tlie 33d degtel of north latitude | 


- [3 Wo 
aud the kli degtes of longitude weſt of Greenwich, "is in 
the:month of April, at leaſt fix degrees hotter than 3 ter 
ehesten — 2 it runs. As the heat of Flor Ster. 


current e 1 Girl tried the heat in'the worn of the gy” 
it14s/moſt' probable, that the ſhip's run during the night ! is 
nearly the: dreadrh of 'the nnen meaſured er lt, 


oo” 


29 


twenty- #4 3 in fifteen hours, the diſtance of time 
tween the two obſervations of the heat, and herice the breadrh 
of the ſtream may be eſtimated at twenty leagues. The breadth 
of the Gulf of Florida, which evidently bounds the ſtream at 
its origin, appears by the charts to be two or three miles leſs. 
than this, excluding therocks and ſand- banks Which une e "x 
Bahama Iſlands,” and the ſhallow water that extends to a conſi- 
derable diſtance from the Coaſt of Florida; and the correſpon- 
dence of theſe meaſures is very remarkable, ſince the ſtream, f from 
well-known principles of hydraulics, muſt gradually become 
wider as it gets to a greater diſtance from the channel by which | 
it iflues. 8 EY 
If the heat of the Gulf of Mexico was known, many cu- 
rious calculations might be formed by comparing it with that of | 
the current. The mean heat of Spaniſh-town and Kingſton : in. 


Jamaica ſeems not to exceed 81**; that of St. Domingo, on. 


* Hiſtory of Jamaica, London, 1474, vol. III. p. 652, 653. The different 
obſervations of the heat recorded in that work do not agree together ; but thoſe 
adopted here are taken from that ſeries which appeared to me the moſt correct, 


the 


01 110 ib 


obſervations &; but as tho eaſt of the continent which bound, 


ſition that the ſea, at a certain comparatively ſmall diſtance be- 


temperature of the abr during the whole year in | that part 7 and 


Daene Aer of 
the ſcarooaſt may be effiriated; at the: ſame fron Monſ. cob 7 


the gulf to the weſtward aud ſouthward! is probably warmer 
perhaps a degree or two may be allowed for-the mean tempetas 
ture of the climate over the whole bay: let it be ſtated at 825 
or 837. Now there ſeems to be great probability in the ſuppo- 


low its ſurface, agrees in heat pretty nearly with the average 


hence it may be conjectured, that the general heat of the 
water, as it iſſues out of the bay to form the ſtream, is about 
$2* , the ſmall variations of temperature on the ſurface not 
being ſufficient to affect materially that of the general mals. 
At the tropic of Cancer I found the heat to be 77; the ſtream, 
therefore, in its whole courſe from the gulf of Florida, may 
be ſuppoſed to have been conſtantly running through water 
from 4* to 6* colder than itſelf, and yet it had loſt only 4* of 


* Monſ. 6opix's experiments upon the pendulum were made at the Petit 
Goave. They continued from the 24th of Anguft to the 4th of September, and 
the average heat during that time was ſuch as is indicated by 25” of Mort. vs 
R BAunvn's thermometer (ſee Mem, Acad, Scienc. 1735, p. 517.) . According to 
Mon. DE 1ve's calculation (ſee Modifications de Atmoſpere, vol. I. p. 378.) 
the z 5th degree of Monſ. DE RMZAUunun's true thermometer anſwers to about the 

3:th of rAunkNAETr's; but the average heat in Jamaica during the months of 
Auguſt and September is alſo 856; hence we may conclude, that the mean heat 
for the whole year is nearly the ſame on the ſea-coaſts in both iſlands. | 

+ The loweſt calculation of the mean temperature of the gulf is preferred on 
this occaſion, becauſe of the conſtant influx of new water from the Atlantic 
Ocean produced by the trade-winds ; which water not having been near any land 
muſt, I think, be ſenſibly cooler than that which has remained ſome time incloſed 
in the bay. On this ſubject the obſervations made by ALEXANDER DALRYMPLE, 
Eſq. relative to the heat of the fea near the Coaſt of Guinea, ought to be con- 
ſalted (ſee Phil. Tranſ. vol, LXVIIL p. 394, &cs). 


heat, 


the Tater Tn the/Gnififiream." | 339 

Beate though the ſurrounding water where L obſerved it was 
below de foppoledorifirid feniperdture of the water which 
forms the current; From this ſmall dimitiution of the heat, id 
2 diſtance, probably of 300 miles, ſome idea may be acquired 
of the vaſt body of fluid which ſets out of the gulf of Mexico; 
and of the great velocity of its motion. Numerous obſervac 
tions on the temperature of this ſtream, in every part of it, 
aud at different ſeaſons of the year, compared with the heat of 
the water in the furrounding ſeas, both within and without 
the tropic, would, I apprehend, be the beſt means of aſcer- 
taining its nature, and determining every material circumſtance 
of its movement, eſpecially if the effect of the current in 
puſhing ſhips to the northward is carefully attended yy at WE 
— time wind ein ee upon its heat, 246173 


— 


On the 25th. of September 17577, as the ſhips which had 
tranſported Sir WILLIAM. HOWE's army up Cheſapeak Bay were 
returning toward the Delaware, with the ſick and ſtores, they 
were overtaken, between Cape Charles and Cape Hinlopen, by 
a violent gale of wind, which, after ſome variation, fixed ulti- 
mately at N. N. E. and continued five days without intermiſſion. 
It blew ſo hard that we were conſtantly loſing ground, and 
driving to the ſouthward: we alſo purpoſely made ſome eating to 
keep clear of the dangerous ſhoals which lie off Cape Hatteras. A 

The 28th at noon our latitude was 36* 40“ N. and the heat 
of the ſea all day about 65 On the 29th our latitude was 
30 2; we had, therefore, in the courſe of theſe twenty. four 
hours, been driven by the wind 38 nautical miles to the ſouth- 
ward :: 


as 


6 
r 
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par the temperature of the : ſex coritinued nearly at 63˙ 
Next day, the zoth, our latitude at flem Was 3c, ki 
18 miles farther'ts the ſouthward, though in the opinion of 
the feamen aboard, as well as my own, it had blown at leaſt 
as hard on this as any of the preceding days, and we had not been 
able to carry more tail 5 conſequently it may be concluded, that 
ſomè current had ſet the ſhip 20 miles to the northward. To 
know whether this was the Gulf-ſtream, let us conſult the 
thermometer. At half after nine in the forenoon of this day 
the heat of this water was 76?, no leſs than eleven degrees 
above the e of the ſea before we came into the 
current !;-- & 11:3 | 
5 Towailds evening the ind fell, acl we ood N. W. a N. 
cloſe-hauled. As the ſea till ran very high, and the ſhip ſcarcely 
went above two knots an hour, we did not make leſs than three 
points of lee- way on this tack; the courſe we made good, 
therefore was W. N. W. which, on the diſtance run by noon 
- next day, gave us about ſixteen miles of nortbing; but that 
day, the 1ſt of October, our latitude was 36* 22“, 38 miles 
farther to the north than we had been the day before; the dif- 
ference, 22 miles, muſt be attributed to the Gulf-ſtream. This, 
however, is only part of the effect which the current would 
have produced upon the ſhip if we had continued in it the 
whole four and twenty hours; for, though we were ſtill in the 
ſtream at five in the afternoon of the zoth, as appeared by the 
heat of the water being then above 75*, and at eight in the 
evening the heat being ſtill 74, yet by ſeven next morning we 
were certainly got clear of it, the heat of the ſea being then 
reduced to its former ſtandard' of 65%. On this occaſion, there- 
fore, we did not croſs the ſtream, but having fallen · in with it 
| obliquely 
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« obliquely: on; the weſtern de, We puſhech out again on the James 
- tide ag ſoon as che gale ahatgd.. 8. . 1110 5 24702 9 Ta 1 7e 


+0 Theſe ohſervations having been, made three degrec tog tlie 
:ngrthward.of BAY former ones, it is curious to obſerve, that the 


cheat of the Gult⸗ ſtream Was about 2 leſs... The ſeaſons of the 
year, indeed, were very different; but, perhaps, under ſuch 
circumſtances; that their effects were nearly balanced. In the 
latter obſervations the meridian altitude of the ſun wag leſs; 


hut then a hot ſummer preceded them: whereas in the former, 


5 though the ſun's power was hecome very great, yet the winter 
had been paſt, but a ſhort time. Calculating upon this propor- 
tion we may be led to ſuſpeR, that about the 27th degree of 
latitude, which is as ſoon as the ſtream has got clear of the 
gulf of Florida, it begins ſenſibly to loſe its heat from 825, the 
ſuppoſed temperature of the gulf of Mexico, and continues to 
loſeit-at-the rate of about 2* of FAHRENHEIT. s ſcale to every 3 
of latitude, with ſome variation, probably as the ſurrqunding 
lea, wi the air, are warmer or colder at different ſeaſons of 
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violent pate of 1 Which came on two days —— we had 
ſailed from Sandy Hook, diſabled every. perſon. aboard, who 
knew how to handle a thermometer, from keeping the deck. 
The maſter of the ſhip, however, an intelligent man, to whom 
4 had communicated my views, aſſured me, that on the ſecond 
day of the gale the water felt to him remarkably Warm; we 


| Were then near. the -oth degree of welt longitude. This agrees 
very well with the common remark of ſeamen, who alledge, 


that they are frequently ſenſible of the Gult-ſtream off Nan- 
Vor.. LXXI. SR ftucket 


4 


34 Dy: AU a ihr r F 
tucket dals, a diftance 'of moe than” 1660 "rhitks/ ffom the 
gulf of Florida? According to the calculatisfi T Have be- 
fore adopted of a lofs of two degrees of heat for every * of 
latitude, the temperature of the Gulf- ſtream here” would" be 
nearly 73˙; the difference of which from 505 the heat that 1 
obſerved in the ſea-water both before and aſter the gale, might 
eaſily be perceived by the maſter of the veſſel. This was in 
the winter feaſon, at the end of December. 

An opinion prevails among ſeamen, that there is ſomething 
peculiar tn the weather about the Gulf-fream. As far as 1 
could judge, the heat of the air was conſiderably increaſed. by 

it, as might be expected; but whether to a degree or extent 
ſufficieht for producing any material changes the atmoſphere 
muſt be determined by future obſervations. 

Perhaps other currents may be found which, iſſuing from 
places warmer or colder than the ſurrounding ſea, differ from 
It in their temperature ſo much as to be diſcovered by the ther- 
mometer. Sheuld there be many ſuch, this inftrument will 
come to. be ranked among the moſt valuable at ſea x as the diffi- 
culty of aſcertaining currents is well known to be one of the 
greateſt defects in the preſent art of navigation. 


In the mean time, I hope the obſervations which have been 
here related are ſufficient to prove, that in eroſſing the Gulf- 
ſtream very eſſential advantages may be derived from the uſe 
of the thermometer : for if the-maſter of a ſhip,. bound to.any 
of the ſouthern. provinces. of North America, will be careful 
to try the heat of the ſea frequently, he muſt diſcover very 
accurately his entrance into the Gulf-ſtream, by the ſudden in- 

creaſe of the heat; and a continuance of the ſame experuments 
will ſhew him, with equal exactneſs, how: tong he remains in 
it. Hence he will always be able to make a proper allowance 
Þ EO for 
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[fr the NIST chiles that.the. ſhip is, ſet to,thernorthwatd, 
by multiplying the time into the velocity of the current. 
Though this velocity is hitherto very imperfectly known, far 
want of ſome method of determining how long the current 
ated upon the flips, yet all uncertainty arifing from thence 
muſt ſoon ceaſe, as a few experiments upon the heat of the 
firearm, compared with the ſhip's run checked by obſervations 
of the latitude, will aſcertain its motion with ſufficient preci- 
fion. From differences 1 in the wind, and perhaps other cir- 


eumſtances, it is probable, that there may be ſome variations 
in the velocity of the current; and it will be curious to ob- 
ſerve, whether theſe variations may not frequently be pointed 
out by a difference in its temperature; as the quicker the cur- 
rent moves, the leſs heat is likely to be loſt, and conſequently 
the hotter will the water be. In this obſervation, however, the 
ſeaſon of the year muſt always be conſidered; partly, hecauſe 
it may; perhaps, in ſome degree affect the original temperature: 
of the water in the gulf of Mexico; but principally, becauſe 
the actual heat of the ſtream muſt be greater or leſs in propor- 


tion as the tract of the ſea through. which it has flow was 


warmer or colder. In. winter, I ſhould ſuppole, that the heat- 
of the ſtream itſelf would be rather leſs than- in ſummer ;; but 
that the difference between it and the ſurrounding ſza would be 
much greater; and I can conceive that, in the middle of ſum- 
mer, though the ſtream had loſt very little of its original heat, 
yet the ſea might; in ſome parts, acquire ſo nearly the ſame 
temperature, as to» render it ſcarcely poſſible to e by: 
the thermometer when a ſhip entered into the current. 

Beſides. the convenience of correcting a ſhip's 1 by: 
knowing how to make a proper allowance for the diſtance ſhe is 
ſet to the northward by the current, a method of determining 
| S223 with 
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with certainty when ſhe enters into the Gulf: ſtream i is attended 
with the further ineſtimable advantage of ſhewing her place 
upon the ocean in the moſt critical ſituation: for, as the cur- 
rent ſets along che coaſt of America at no great diſtance from 
ſoundings, the mariner, when he finds this ſudden increaſe of 
heat in the ſea, will be warned of his approach to the coaſt, 
and will thus have timely notice to take the neceſſary precau- 
tions for the ſecurity of his veſlel. As the courſe of the Gulf. 
ſtream comes more to be accurately known, from repeated ob- 
ſervations of the heat and latitudes, this method of deter- 
mining the ſhip' s place will be proportionably more applicable 
to uſe. And it derives additional importance from the peculiar 
circumſtances of the American coait, which n the mouth 
of the De laware to the wouthernmoſt point c of F orida, i is every 


where low, 


wks 


and beſet with frequent ſhoals, running out ſo far 


into the ſea that a veſſel may; be aground, i mY many: mlaces where 
the ſhore is not to be diſtinguiſhed even from the. maſt- head. 
The gult-ſtream, therefore, which has hitherto ſerved only to 
increaſe the perplexities of ſeamen, will now, if thele obſer- 
vations are found to be juſt in practice, become one of the chief 


means of their preſervation upon that dangerous coaſt, 
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XIX. Account * the — of. the. Sal at end a Well at 
Hanby: in Lincolnſhire. In a. Letter . ſrom Sir Henry C. 

Englefield, Bart. F.. R. and A. S. is Sir Joſeph Banks, 
Bart. P. R.. . 


Read May 3, 1781. 
DEAR STR;- 


H E appearance of: the ſoil which fell under my own in- 
1 pection, on opening a well at Hanby, the ſeat of Sir 
e. Buck, in Lenton pariſh, Lineolnthire, being, as far as I 
can recollect, quite ſingular, I hepe vou will not think this 
account of it unworthy the attention of ch Society. | 
The ſpot on which» the well was mx is. nearly on a level 


with Lincoln Heath, and of. courſe hig ground compared 


with the fen, which is diſtant from it above fr miles. The ſoil 
was uniformly a blue clay, in parts: rather inclining to a ſhaly 
ſtructure, and contained many caſts of tellinæ, a very little 
pyrites, and ſome few ſmall; but very elegant, belemnites. 
Theſe are all the uſual - foffils of clay; but what I'think with- 
out example is, that through the whole maſs of clay were in- 
terſperſed nodules of pure chalk, evidently rounded by long 
attrition, and of all ſizes from that of a pea to a child's head. 

They lay in no ſort of order that IJ could find. How deep 
this appearance might have continued I cannot determine, but 


no water having been found at the depth of thirty feet, the 
6 trial 
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trial was given up, as the expence would have exceeded the 
advantage propoſed. A ſpecimen of the chalk is herewith 


exhibited to the Society. 


I muſt add, that in all the environs there is not the leaſt 
trace of ee in ah form whatever that I could nn or 


hear of. 
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xX. Afronemical. — on by Nathaniel Pigott, 6. 

wy" R. S. Foreign Member of the Academies of Bruſſels and 

Caen, and Correſpondent of the Academy of Sciences at Paris. 

Communicated by Sir Henry C. 3 Bart. F. R. 
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| Read May 33 1781: 


AVING given in th Philoſophical Trenton, | vol, 
LXVI. for the year 1776, and vol. LXVIII. part II. for 
1778, an ample deſcription of the excellent aſtronomical in- 
ſtruments in my poſſeſſion,*it will be needleſs to ſay any thing 
here on that ſubje&, further than that, the following obſerva- 
tions were made witli them. 
During the ſummer 'of 1979, part of which I ſpent with 
Lady WIDDRINGTON,' at her houſe named. Wickhill, about a 
mile from Stow on the Would, Glouceſterſhire, I determined, 
by fix obſervations of s ſatellites, compared to correſpon- 
dent ones made on the fame days, Wickhill W. of Greenwich 
1* 29 45”. It is proper to add, this is likewiſe the longitude 
of Stow, it being under the lame meridian, or very nearly ſo, 
as Wickhill. 
In 1778 and 1779 I obſerved in e and by 
thirty-five meridian ' obſervations of the ſun and ſtars, all agree- 
ing within 12“ from the mean, I determined the latitude of 


my obſervatory at Frampton Houle 51 25' 1” N. 


Frampton 
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. —— 1 Cowbridge - and Anintwſes,. 
about fur miles ſouthy.of-rthe-formet,' and one mile north of 1 
the latter; and about two miles from the Briſtol channel 1 In 
nearly under the lame meridian as Watchet, nme n 
Somerſetſſiire. * 110 r gra. v - }-. 1 

The rocxs on the Weleh coaſt, which run obliquely, ſlanting 
into the. Nriſtol channel, render the navigation ſo dangerous, 
that each Feat affords the horrid ſpectacle of ſhips / wrecked; 
and hefe I An ſorry to add, that the barbarous cuſtom of plun- 
dering theſe unfortunate veſſels fill ſubſiſts in all its inhuma- 
nity ; at the ſame time it ould be injuſtice to the gentlemen 
of the country t6 paſs under ſilence their repeated endeavours 
to checx ttiis enormity g but hitherto their efforts have not been 
attendeck vrith much ſuoceſs : at is due. to humanity to make ſuch 
bad practices publie, in hopes of exciting an inquiry, which, 
* and the honour: of the nation loudly call for. 

The little chiat has been ſaid ſuffices, to ſhew. the expediency | 
of corre& maps of this channel. The univerſal opinion of the 
country is, that to the Somerſetſhire oppoſite | coaſt, about 
Watchet, Purlock, c. the breadth of the channel is twenty 
or twenty-one miles. A ſingle glance of the eye ſeems ſuffi- 
cient to contraſlict this notion; however, as upon inſpecting 
my maps 1 found the diſtances ſet down not greatly different 
from what report had made them, we-meaſured them geome- 
trically, and the. reſult gave the channel, not twenty, but 
little more than thirteen miles broad at the abovementioned 


places. 

Upon the while i. it! is to obe widhied, that bf NONE" obſerva- 
tions, ſufficiently correct, were made on the Somerſetſſure ſide, 
which might be compared with thoſe I have made on the oppo- 


ſite ſhore. It may poſſibly be found, that the towns on the 
Engliſh 
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Engliſh-coaſt ate placed j-whenhdpe noch * a0dthoſe. 


in Wales toe nuch nocth.;. and hence, perhaps, the too great 
breadth given to the Briſtol.channel, -'This-is, atleaſt, the caſe 


with the town of Lantwit, which, as I have faid, is to the 
a of Frampton-houſe, 


51 29 400%, that, is to ſay 4 39“ N. of Frampton-houſe. 
There may very poſſibly be particular charts of the Briſtol 


channel more exact; but it is not leſs true, that the common, 


maps ought to be cleared of ſuch enormaus errors. 


ones made in other obſervatories. The od is as follows: 
: * 4 by ney g 


14 11 By an obſery. at Greenwich. 


13 52 at Upſal. 14 LN 
13 54 —— at Paris. io 2 | 
14 6 - at Oxford, 13 45 
2 13 23 46 — 
14 1 the mean. * 44 = 

: 12 


5 13 $0 


is 3 — 

I —— at Oxford. 
5 5 — 20 
14 7 at Greenwich. 


13 55 Mean of emerſions. 
14 mt Mean of immerſions. 


13 $8 by a mean of the means 
Frampton-houſe my of Greenwich in time, er 3 29' 30 by the equator. 


* By joux ADAMS. The ſcale is to minutes of a degree. 
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the latitude of Which is 


515251“; nevertheleſs the beſt and moſt extenſive map I 
have been able to procure gives the latitude. of Lantwit 


I determined the difference of meridians between Frompton- | 
houſe and Greenwich by comparing four immerſions and four- 


teen emerſions of 1: firſt and ſecond ſatellites $0.corraſpouding 


Occultations of fixed ſtars obſerved at Frampton-houſe in 
. 1777 and 1778. 535-4: 7:40 
App. tim. October 23, Pl.) e actos 


iÞ 16 1 Lm. 7 Pollux ;/ doubtful-to 2 or 3”. 
November 15. 
6 19 3 Imm. iſt, > Tauri into night pr of ): doubtful to " 2 


6 5 22 Imm. 2d, 3 Tauri. 
3 Bo, 8 Samak it, 3 Tauri: dark ef, *. 
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11 | e November 45. 1 
10 59 pla n ET ney _ | * 275 
>» . 01 1 I i Thy £75 e 
July 5» 1758. 1 * e 
| ö 2 1 61 Imm. teleſcopic ſtar: inflantancous. | | | 0 
13 285 Imm. v Um: . inſtantaneous. FE 2 XK. 
1 27 85 Ener. — from light | limb of ): 88 * }-roigt 
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ſort . Declination of the needle. 


In che beginning of 1 778 the declination welt of a magnetic 
needle of four inches ads by Mr. DOLLOND, appeared to be 
2211“. 1 85 : 


2 


* 8 13 * 
e roo; bY 


—_ * | my | 8 
5 10 hag 17 310 N 1 Cc, TC TTY. | g N — * * 
, . 4199 414 any 77 FC? 2 f JC 5 % 
e 2 * " 16 990 


XXI. Abſirad of a Regiſter of the Barometer, Thermometer, "and Ki: at 
Lyndon, 2 in Rutland, . By Thomas Barker, Eſguire. 
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Read May 3, 1781. 
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| | Barometer. — Rain Mean rain N 


In the Houſe. Alon 


- Higheſt;Loweſt. Mean. | Ts . A ak; 80865 
1 api. 
Pp] 9 sn 
eb. — 30,06 ol 3 572,871 1,378 
—_ 29,77 | 28, 1 385 3 | | 2,727 7314 1,465 | 

23 29,33 py 502 1,2011 2,081 | 1,610 | 
alem. 20,30 57 | 2 vo 24374] 22 
2 29,87 | | $79) 8 1,566] 2,597 | 2,516 
FA EC bo hw 
Afrern,| 29,79 931] $5 | 427 4216 
Fare. 29,8) „ 45 5380207 2.158| 
* . 35,00 oy 3 1,461 2,372] 1,943 
way Fg 30,08 9922 au 383 9534 1,889| 1,749, 
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fame e vo! 6 hör the Klee b. 
Mocths 10 911107 07 | . tigt 2d egit r mon} bots . 26 0 
2 ry or Feb. and Mar. 70 07370 Jan, and beh. 79 00457 
3 Pan. Mar. 7 79 | | 9,583 Jec. 42—Feb. 43] 9,934 Jan.—Mar. 40 
7 2 dy 1s LFU "UP" ENG Be 
* | N N 1 0 ug - ' 1 Os. 40—July 41 10,74 4 F308: 
12 Sept. 480 Aug. 41 13.427 I | | 
bas W. H vile 7 1% RW OH to be au! biin. 


The three wetteſt ſeaſons * one moneh to twelve a are 
entirely different from thoſe in vol. "EXT. 8 


non: 917111 


| 1 
| 7,818 Miy 73 | 63843 
0,932 Aug. at Sp. 10,430 


re 74 11541 
88. 75 1% 5 5 — 


73 — 
Mar 73—Jan. 74128,93t 
AU Le pril 76130, 765 


4 1 . b with Frolt, 2 en ſevereſt v winter 
wn! fince 1749, but there was not a great deal ef ſnow, and in general 
1 it was calm. The froſt was not {6 ſdeudy as it was that winter, 
| there being ſeveral breaks in it; hut was very ſhurp, and the 
1 ice was never intirely gone for nine or ten weeks together from 
December aa, till near the end of February,” Wen it went 
away without wet; leaving the ground remarkably light end 
! fine, and the weather grew mild, and continued {6 moſt part of 
March; but the coldneſs of the ground hindered appel from 
growing greatly till toward the end of the time. The ſeed- 


time was ſine and good, yy as gin EP 
the firſt three weeks of April were 4 cold, Sabin 10 
froſty. Toward the end it was more MEN, Ba wa 
growing, and from that time the ſpting continued to come on, 
and there v were fo fe N. E. winds that ſhips found a difficulty 
in getting down the channel, which is very unuſual at that 
time of year, and all the ſpring from the end of Febtuary tall 
toward the end of June was very * eg N. W. and 
S. W. 3 f\ wt 554 3. 59: AT 

In the former part of E chere 0 at tires very hot 
days; but the ſeaſon was oftener cool; many little ſhowers, 


. Ma 
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which 1 in ſome countries were ſo {mall there was want of rain 


40d. graſs, here we did pretty well. The hay-time was fne, 
but the crop ſmall. The harveſt was exceedingly well got: 


the wheat was milde wed, Which could not be dy wet fuch a 
year” as this; but by this means wheat became three. times the 
price of barley, being 50. and 52 fhillings a quarter, and dar- 
ley 16 or 17 fhillings. From the latter part of July to the 
beginning of September it as, very dry, hot, and burning: 
much ſcorching ſun, the ground very much burnt! up, and 
great want of water; but the N. E. winds; which came at this 
time of year. 1 of che * were ſometimes 23 
cool. v {97 1 οn 289 

The 8 o a ae rains is inn a 8 
two months there was a good deal, with ſuch fine and warm 
weather, that there was good! graſs, a pleaſant — 
very few froſty mornings, ande the ground, which before Was 


ſo dry, did not get much dirty with it. The wheat ſeed- timo 
was fine, and the weather mild till the middle of November, 
when 


8199 


the harley and oats good, and ſome of the wheat ; bur the late- 
ſown was thin through the ſevere winter, and i in ſeveral. Places 


wy Me. 1 BARKER's Age + the Weather, Kc. 


when a här̃d froſt, with ſnow, made people think of a hard 

winter; but it grew mild again, was chiefly dark and cloudy, 
but little rain, and drying a good deal of December; remarka. 
bly calm, but near a week's froſt about Chriſtmas. e 

The ſickly ſeaſons, which began in Auguſt 1779. continued 
more or leſs all the year; and about the ſame time of the year 
increaſed again. There were great numbers of fevers and agues, 
eſpecially in and near the fens, which were very obſtinate, and 
did not yield to the uſual medicines, but frequently returned 
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XXII. j Calculations of = u ; mber of 4 45 cients or DlarB! | 
_ which happen in conſehuence of Parturition; 555 of the Propore 
tion of Male ta Female Children, as well "as c of Tebine, mon- 
Arous Productions, and ( Children that are ad 1; tralen front | 
_ the Midw ifery Reports of the Weſtminſter General Dit penſaty: 
ich an Attempt 40 aſcerlain the Chance of L: fe at 4 gertut 
' Periods, from Inſancy to Tu wenty fx Years of Age; and Tihe- 


wiſe the Proportion of Natives to "the reſt of the Inhabitants 
of Loudon.. [In a Letter from Robert Bland, M. D. Ply — 


 cian-Man-Midwife to the Weſtminſter General Diſpenſary, 
10 Samuel Foart Simmons, M. D. F. : &. 


117 


Read May 10, 1781. 


" Ks © k * - 6 4 
244 MN r 4 4 | 
R — b 4 


D B A R S 1 u, ic i a * 1222 * 


2 


HE great advantage of Bop, and other amilar inſtitu- 

tions, in improving and difſeminating medical know- 
Rr is generally acknowledged but there are other purpoſes 
they ſeem equally calculated to anſwer, which, though ſubor- 
dinate to the former, may yet deſerve attention, as they may 
throw light upon, and perhaps finally determine, certain poli- 
tical queſtions, about which various opinions are at preſent 
entertained. Thus, though it is known that this city contains 
perſons from various countries, and that a very fmall por- 
tion of its inhabitants are natives; yet the proportion which 


the latter bear to the aliens can at preſent only be gueſſed at. 
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clear and certain intelligence will be obtained; but in a matter 


be known than the former. With a view to theſe, and other 
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But this pſt might be reſolved, with a tolerable degree = 
accuracy, if to the regiſter of the names of the perſans ad- 
mitted to the ſeveral charities were added the places of their 
birth. Again, the great mortality of the human ſpecies, par- 
ticularly in infancy, and the ſmall chance a child has to attain 
to years of maturity, have been calculated from pariſh- regiſters, 
bills of mortality, &c. But I do not know, that an attempt 


has hitherto been made to aſcertain them, by noting the num- 


ber of children a promiſcuous multitude of women had borne, 
together with the number they had been able to preſerve. 

This, however, is what I have here done; and from it J 
have attempted to form a table, ſhewing the ne of life at 
different periods. I am far from pretending that by this mode 


of ſuch moment, I preſume, that any aſſiſtance will be accepta- 
ble. Dr. $MELLIE * has curſorily mentioned, for the encou- 
ragement of his pupils, the ſmall proportion of the unnatural 
and laborious births to the natural; but he did not carry his 
views farther, or point out the proportionate number of conſe- 
quent accidents, which might occur to retard or prevent the 
recovery of the woman, although this is not leſs neceſſary to 


uſeful purpoſes, the following regiſter has been kept of the 
moſt material circumſtances concerning the patients admitted to 
the midwifery-department of the Weſtminſter General Diſpen- 
Tary, from its firſt inſtitution, in the year 1774, to the preſent 
time; via. 

1. The ages of the ſeveral women. 

2. The number of children they had borne. 
3. The ſexes of the children, 


| „ See SMELLIE's Midwi „ vo, p. 19 
, W 4. The 
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4. The number of chidren they bad: hegen able toipreſarve,: a 
5. The place been uchem theꝝ and their huſpands were 


boris 10 ef od el war ing Its! f 03 Laviic: 
And aftet the delibery of the patient I have conſtantly noted. 
rohe accidents that W or were the conſequences 


of parturition. reno ft: VIGIL 3% Mee 28 1 
2 The ſexes of the children — 3 lar Io eh 
3. The number of twins or triplets. id er 
4. The number of the — that were deficionr or Tony 

ſtrous. 0 65 6 at] * 


5. The number of the | childien that were pine: ws. 
as the women were enjoined to return their letters as ſoon as 
they were able to go abroad, I farther intended to have added 
the proportion of the children who died under four or five 
weeks; but many of the women neglecting this duty, pre- 
vented my information under this head from being ſo compleat 
as J could have wiſhed. Of thoſe, however, who came, or 
of hum certain account Lan be objained, the number is ſet 


down. | gre 
From 2 n . alli the Steins tables and 


accounts have been compoſed; and as the greateſt. care and. 
exactneſs were uſed in recording the ſeveral circumſtances, the 
ſame punctuality has been obſerved in collecting and digeſting 
them. And that they might be kept as free from error as 
poſſible, tables for each year were firſt compoſed and com- 
pared together; but finding no material variation, I did not 
think it neceflary to produce them in that form. My firſt, i in- 
tention was to have given the tables ſimply, and without any 
explanatory obſervations; but finding I could not introduce all 
the circumſtances I had noted in my regiſter, as was particu- 
larly the caſe with regard to the firſt table, and. imagining that 
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. explanation, as for inſtante in the table of the chance of life 
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ib Beke bes they were not perfectly intelligible, wirhout forme 


at different periods, I have ventured to add ſuch occaſional 
remarks as I think will tend to illuſtrate the ſubje&. 
As my firſt view was to find the proportion of difficult 
labours, and of the accidents or deaths that happen in conſe- 
quence of child-birth, I fhall begin with the following TABLE. 


Of 1897 women delivered under the care of the Diſpenſary, 


6 . or 1 in 30 had unnatural labours: in 
13z8 of theſe, or 1 in 105, the children preſented by 
their feet; 
36 or 1 in 52, the LA, preſented ; in 
8 the arms preſented ; and i in J 3 
1 the funis. ”= jo ä 
63 


i * 


17 | women: or 1 in 11x, had laberious labours: in 
+8 of theſe, or 1 m 2306, the heads of the children were 


lefſened; in 


J 4 a fingle blade 'of a forceps * was uſed; and in the 
0 remaming 
5 in which the faces of the children were turned to the 


pubes, the delivery was at length W by 
the pains. 


80 17 


80 


In all thefe nine caſes the children were turned. 
+ Two of theſe women have ſince been delivered of full-fized healthy children. 
A third bore a very ſmall and weakly child, who died in two or three days. A 
fourth 


* 


* 


9 — 850 
80 1 
woman had co 
pregnancy, and w was delivered a month after of a dead 
child, and recovered. 
t woman had convulſions during labour ; brought forth a 
live child, and recovered. 
*g women, or 1 in 210, had uterine hemorrhage before 
and during labour. 
""_ theſe 1 died undelivered; 
1 died a few hours, and 
1 ten days, after delivery, and 


6 recovered, 


9 
'5 women had the puerperal fever, of whom four died. In 
one of theſe the placenta was undelivered, and conti- 
nued ſo to her death. 
2 women were ſeized with mania, but recovered in about 
three months. In 
woman a ſuppuration took place, ſoon after labour, from 
the vagina into the bladder and rectum. This patient 
recovered, but the urine and ſtools continue to paſs 
through the wounds. Of 


= 


fourth was delivered of | a ſeven-months child, without matilating it, which died in | 
its paſſage. The number of women, therefore, who from error in their conſorma - 
tion were incapable of bearing live children appears to be very inconſiderable. 
Of the remaining four I have not been able to get any intelligence, | | 
* In theſe nine caſes only one child was ſaved. | AL 
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3 
r woman the perinæum was lacerated to the ſphincter 
ani. A ſuture was attempted, but without effect; ſhe 


recovered, but is troubled with prolapſus uteri. 
5 had large and panful ſwellings of the legs and thighs, 


but recovered. 
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105 therefore of theſe, or 1 in 18, had preternatural or labo- 

rious births, or ſuffered in conſequence of labour, 
Of this number of caſes 43, or 1 in 44, were attended 
with particular difficulty or danger; and 7 only, or 
1 in 270, died. The remaming 62 were delivered 
and recovered with little more than the common 


aſſiſtance: and 


1792 had natural labours, not attended with any particular 
accidents. 


— — — 


1897 


Of two women the uterus was retroverted in the third or 
fourth month of their pregnancy; but in both the uterus was 


replaced, and the women went to their full time, and brought 
forth live children. 


Befides the accidents above enumerated, it Gam right to 
obſerve, that many of the women were afflicted with ſevere 
after-pains, or had what is called the milk-fever ; but as thefe 
complaints were generally relieved in three or four days, and 
did not ſeem to have any influence in retarding their recovery, 
. ar to affect their future healths, no notice is taken of them. 
.| 4 Some women alſo had ſymptoms of incipient prolapſus uteri, 
i who had not before been troubled with that complaint ; but as 
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1 ſeldom faw them above once or twice, I cannot give the re- 


ſult. But as few of them were able to indulge themſelves with 
reſt, or to comply with the rules neceſſary for their cure, it is 
to be feared, that in many of them the complaint would gra- 
dually increaſe; and that in a courſe of years, the uterus 
would make its appearance externally, when, finding it an im- 


pediment to their activity, they would apply and ſubmit to 


wear a peflary, or to ſuch palliatives as in that ſtate can only 
be adminiſtered. Excepting this accident, and the fluor albus, 
to which many of them are ſubject after child-bearing, but 
which, I think, does not often materially affect their healths 
until late in life, I am inclined to believe, that the lower fort 
of people recover more certainly after parturition than perſons 
in higher ſtations of life: at leaſt, they are leſs ſubje& to the 
puerperal fever, which is ſo fatal, if not checked on its firſt 
attack ; and which, if not cauſed, 1s certainly nouriſhed, and 
its malignancy increaſed, by great fires, cloſe rooms, warm 
ſeptic diet and coſtiveneſs. But the apartments of the poor are 
generally ſo crazy, that without opening doors or windows, to 
which they are ſufficiently averſe, the air pours in upon them 
from all fides. To this circumſtance, added to their inability 
to keep great fires, or to indulge themſelves with animal food, 
and to the care that is taken very early to empty their bowels, I 
have been induced to attribute their ſo generally eſcaping this 
fatal diſeaſe; and by adopting rules in my private practice con- 
ſonant to this idea, I have the fatisfaftion to be able to ſay, that 
I have not ſeen the puerperal fever among my private patients 


for more than three years. 
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TABLE ot the proportion of male to ele children; of the | 
number of twins, and of the children - that were 2 or 
monſtrous, and of Wr that were IA 29! 


1897 women were delivered of 1923 children 972 boys 
and 951 girls, or as 46 boys to 45 girls. 
23 of the women, or 1 in 80, were delivered of twins, 16 
of whom were boys and 30 girls. 
1 woman was delivered of 3 girls. 
Of the twins and triplets, therefore, the males were only 
half the number of the females. 
8 of the children, or 1 in 241, were deficient or monſtrous. 
Of theſe 1 was web-fingered ; 
1 had a hare-lip; 
1 had a dropſical head and diſtorted ſpine ; 
I a dropſical head; 
in 1 a part of the palate; 
2 


and in 2 a conſiderable portion of the cranium “ was 
& wanting 3 
| 400 1 had two heads +, ſee fig. 1. 


8 


One 


One of theſe lived an hour after it was born. 

+ This was the child of ELIZABETH wife of —— BROMFIELD, Peruke-maker, 
Jees-court, -Oxford-ſtreet. It had two heads and necks, four hands and arms, 
two ſpines, uniting at the ſacrum, and terminating in one pelvis, from whence 


the lower extremities proceeded ſingle: there was one navel-ſtring, and one male 
organ of generation, On opening the body there were found, two thoracic cavi- 
ties, the right more compleat than the left : the heart alſo, and the lungs on the 
right fide, were more perfect than thoſe on the left, which latter were very ſmall. 

3 | There 
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[ One woman was delivered of a twin , ſee fig. 2. Sis 

84 of the children, or 1 in 23 of the whole number, were 
dead-born +. Of cheſe, 49, or nearly five-eighths, were boys, 
and 35 were girls. 


Of 14 women who returned their letters, or of whom a 
certain account could be obtained, 85, or nearly 1 in 16, had 


There were two ſtomachs, two ſets of inteſtines, which, at length uniting, ter- oo 
minated in one rectum and anus. There was but one urinary bladder. The 
drawing that accompanies this will give a more juſt idea of its external figure ; 
and Dr. HUNTER, who diſſected it, will * one day oblige the world with 
an exact anatomĩcal deſcription of it. 

* Of this ſingular production, to which I have not ventured to give a name, 
the following ,is the hiſtory and deſcription. The woman who produced it is 
about twenty-ſeven years of age; this was her firſt pregnancy. She was, after a 
labour, delivered of a female fetus, and its placenta, in which nothing uncommon 
was obſerved; and although the uterus remained of an unuſual ſize, yet the pains 
not recommencing, there was no ſuſpicion entertained but that its bulk was occa- 
ſioned by coagulated blood. On the third day the pains became violent, and this 
monſter was born. Its ſhape was ſpherical, but ſomewhat flattened. It mea- 
ſured in its largeſt Sameter ah inches, and weighed about eighteen ounces. Tt e. 
received its nouriſhment by an umbilical chord, to which was attached a portion” 
of membranes, and although no placenta was found, it is probable it had a ſmall 
one, and that it was incloſed in its own involucrum. It was completely covered 
with a cuticula, and a little above the part, where the navel- ſtring terminated, there 
was a hairy ſcalp covering a bony prominence, ſomewhat reſembling the arch of the 
cranium. On diſſection it was found to be plentifully ſupplied with blood veſſels, 
proceeding from the navel-ſtring, and branching through every part of it. It had a 
ſmall brain and medulla ſpinalis continued into a bony theca, with nerves paſſing 
from thence through the foramina of the bones; but no reſemblance of any 

thoracic or abdominal viſcera, The reſt of its bulk was made up of fat. 

+ By dead-born children I mean thoſe that die after they have been perceived to 
move, that is, generally after four months. Abortions, or deaths before that 

period, may reaſonably be eſtimated at double this number; ſo that, perhaps, 
I child in 8 dies ig the womb, or in the act of coming into the world. 
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buried their children before the end of two months. Of this 
number 53, or 5 in 8, were boys, and $2"girlss 4! 34. 
This ſingular-circumſtance of there being a greater proltiber 
of males than females among the ſtill-born children, and of 2 
greater number of male children dying in infancy than of 
females, has been remarked by Dr. PRICE and other writers on 
calculations; and Dr. HATGARTEH * has ſhewn that at Cheſter 
more huſbands die in a given period than wives. This natu- 
rally ſuggeſts an enquiry, whether the lives of males are at all 
ages more precarious than thoſe of females. 
Too be enabled to aſſiſt in anſwering this queſtion, I have 
added the following article to my regiſter, viz. of the children 
that ſhall be living at the time the women apply for their letters, 
how my will be boys, and how many girls? 


* Obſervations on the bills of mortality in Cheſter for the year 1722. 


TABLE 
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TABLE of the ages at which women begin and ceaſe to be capable 
of bearing children, and of the intermediate peruſe at 
which they are moſt ſo. 


Of 2102 pregnant women 
3 Fe | Years of age. 
+36 0 or 1 in 58 were from 15 to 19 85, or 1 in 25, from 
49 or 1 . 20) 1 5 to 20 incluſive. 
578 or 5 in 19 Were from — 21 to 25 | 1684, or four-fifths 
699 nearly 1 in 3 were from 26 to 30 were from 21 to 
407 nearly 1 in 5. were from 31 to 35 35 incluſive. 
291 or 3 in 22 were from - 36 to 40 
36 or 1 in 58 were from 41 to 451 42, or I in 50, from 


— — — 
2102 


G n 


* Although 2102 women, the number here mentioned, obtained letters, en- 
titling them to the affiſtance of the midwives, 1897 only were delivered by them: 
the remainder either removed out of the bounds of the Diſpenſary, or, from ſome 
alteration in their circumſtances, were obliged to go to an hoſpital or workhouſe. 

+ 1 of theſe women was between 15 and 16 years of age. | 
1 between 16 and 17; 
3 between 17 and 18; 
10 between 18 and 19; and 
21 between 19 and 20. 
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TABLES of the number of children boxne rn by 1389 women, 


with the number that were living at the tine of their 
! applying to the Diſpenſary. L 
| 
1 3 No of IT Total of chil- Total of chi- No. Ne of chil-ITotalof chi 
* 1 dren borne | dren born. | dren living. [| who had pre-] dren pre- | dren pre- 
| Women. {| by each wo- | ſerved their| ſerved by | ſerved. 
| 1 man. Wy children. jeach woman. 
| - X — — ñüä—m 
| [24 19k FT gen | 
| Bo ves | 46 mn | — 
Mi "OE BP 44 — | — 
ö 15 11 3 1 I i 
22 10 220 84 — — 
| 9 f 297 | 93 — 1 — — 0 
8 448 | 151 + 8 
7 318 | 213 3 7 
6 534 214 11 6 
5 690 288 32 5 
4 676 293 84 4 
3 bag | 299 | 174] 3 
2 508 259 306 2 
L 299 171 464 I 
| +5419 2224 | 1079 . 2224 
370 were in their firſt pregnancy, and 310 * loſt all their childr. 
retzuaney 3 
be 1 eh | 
. —_ 3 1389 i 


* In order to account for the difference between the number of the women in 
theſe and the preceding tables, it is proper to mention, that this account was not 
begun until ſome months after the former one. In theſe alſo care has been taken 
that no woman 1s reckoned more than once, although many of them had been 
1 aſſiſted by the midwives to the Diſpenſary two, three, or four times. 370, as 
1 noted in the table, were in their firſt pregnancy. 

+ Of theſe 5419 children 2747 were boys, and 2672 girls, or nearly as 36 boys 
to 35 girls, This proportion of the boys to the girls will be found a little dif- 
ſerent from what is given in the table p. 363. | 
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I have placed theſe two tables together, that we might have 
an opportunity of obſerving how exceedingly fertile the women 
of the poorer claſſes in this country are; and at the ſame time 
how unable to rear any conſiderable number of children; for, 
although 321 of the women had borne fix children and up- 
wards each, and were all again pregnant, 19 only of them 
had been able to rear fix or more children ; and, although 102 
of the women had borne nine children and upwards each, only 
one of them had been able to preſerve that number living. 
I am inclined to believe, that this great mortality amongſt 
the children does not arife from any natural imbecillity or a 
conſtitution vitiated from the birth, many of thoſe victims 
being born with all the appearances of health and vigour ; but 
that we ought rather to ſearch for the cauſe of it in the poverty 
of the parents, which prevents their taking the neceflary care 
of, or even affording ſufficient cloathing and nouriſhment to 
their offspring. Whether this great check to population is in 
its nature irremediable ; and whether an abatement in the 
pariſh 'rates and taxes, but particularly the former, to perſons 
rearing more than a certain number of children, or any other 
mode of relief and encouragement, would contribute to reſtrain 
ſo melancholy an evil, are inquiries well deſerving the atten- 
tion of government. In order to determine how well my con- 
jectures on this ſubject are founded, it might be uſeful, per- 
haps, to learn what the proportion of deaths is in more 
opulent families, where the cauſe juſt now mentioned can 
have but little influence. But this muſt be the reſult of tho 
united obſervations of different practitioners. 

I ſhall now from theſe tables attempt to collect what the 
chance of life is at different periods, from infancy to twenty- | 


ſix years of age; but, that I may be underſtood, it will be 
IP neceſſary 
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neceſſary to one os: account of — method I — * 
lowed. | 75 7 4 r a; 35, on 

I have ſappoled oy of "os women to Fe 2 child e every t two 
years; this, from the account of thoſe who returned to the 
Diſpenſary a ſecond, third, or fourth time, appearing to be the 
mean term. Upon this principle, when I find that a woman 
applied at the Diſpenſary who had had one child before, I con- 
clude, that that child would be two years old, if living; but 
if the woman had borne two children, I fuppoſe that the firſt 
would be four, the ſecond two years old, and ſo on. And 
finding, that of 299 children borne by as many women, who 
were now advanced in their ſecond pregnancy, 171, or ſeven- 
twelfths only were living, I conclude, that on an average 5 out 
of 12 die under two years of age: and obſerving that of 508 
children borne. by 254 women, who were now advanced in 
their third pregnancy, 259 only were living, I firſt deduct 210, 
which is five-twelfths of the whole number, who died under 
two years of age; and then find that 39, which is nearly one- 
twelfth of the whole number, or one- ſeventh of the furvivors, 
died between two and four . of _ 
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400 2250 | 5 In 12. 


0 | ; 
2 | $1509} 4% 5 in 12, or 1 in 7 bf be riUf tn. 
412700 180 (8 in 15, ä 
6 25290 |... 204 | 4 in , or. 1 in 12 and. g of the furvivars, . 
923134 8 6 in 10, or 1 in 15 of the ſurvivors. 

18 | 2190: 80 7 in Kh or 1 en the ſurvivors. 
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378⁰ or e eiths would 7 
1620 or three · tenths would be living at the end of 26 Years. 
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| Whether this mode of calculating the chance of life will be 
admitted by gentlemen who have made fpeculations of- this 
kind their peculiar ftudy, I know not. I confeſs, that when I 
firſt thought of it, I expected it would have proved more eer- 
tain and accurate than upon examination I have found it to be: i 
for, although in the firſt ſeries of years, where the deaths are 
numerous, the proportions agree tolerably well with the tables 
ef M. BuFFoN and others, yet as we:advance we find ourſelves 
obliged to take longer periods than two years. Thus, for in- 
ſtance, we may obſerve, that although from 2 to 4, from 4 to G, 
and from 6 to 8 years of age, the decreaſe continues to go on; 
yet ſo far is this from being the caſe between the ages of 8 and 
10, or even 12, that there then appears to be ſome trifling in- 
creaſe. But as the proportion of deaths from 8 to 10 or 12 is. 
probably inconſiderable, a very ſmall deduction from the deaths 
in the earlier years would rectify this difference. A deviation 
of this kind, I preſume, might be occaſioned by the — 


—_"W"W— ——..... — — 


— - —— . 
— TL — — F¼HU!: 9 


o Dran annere 

or ſome other epidemic, prevailing amongſt children during 
two or three years, of the time I Was making this collectios, 
which would occaſion the decreaſe in the firſt and fecond ſeries 
to be greater than uſual. If this ſhould prove to be the caſe, it 
3s probable, that in a coure-of years, by com ; this with 
a variety of ſimilar the true mene . und. 
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A COMPARATIVE TABLE of che popufatio of London, with a 


view to ſhew the proportion of natives to perſons] born in the 
different counties of England and Wales, in om Ire- 


11 


land, or foreign countries. R 


ot 3236 married perſons 
824 or one- fourth were born in London. 


I $70 or  four-ſevenths 1 in the different counties of England = 
& $7 Wales. 9 25 


209 or 4 in 15 in Scotland. 
280 or 1 in 11 in Ireland. 
53 or 1 in 60 were foreigners. 
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Of the above number the males and females were in the 
following proportions. N 

Women. 

were born i in London, and 495 or 166 more than men. 


- 


in different counties 917 or 35 fewer than men. 


— in Scotland, 74 or 61 fewer than men. 
in Ireland, — 119 or 43 fewer than men. 
—— were foreigners, 13 or 27 fewer than men. 
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of the Weſtminſten General Diſpenfary. 355 
Thus, of 824 married perſons born in London, there were 
one - fifth more women than men. This may be accounted for 
either by ſuppoſing a greater number of males to die or to mi- 
grate before they attain a marriageable | age than women. It is 
alſo to be obſerved, that of the Scotch and of the foreigners the 
women are in proportion to the men as about 1 to 3; but of 
the Iriſh they are as 3 to 7. 

By this table we find at how great an expence to the coun- 
try this city is maintained; and as we may ſuppoſe that the 
bulk of the Scotch, Iriſh, and foreigners, who come into the 
kingdom, reſide 1 in the metropolis, we hence may alſo learn in 
what proportion they contribute to repair the waſte which 
is incurred. by its exceſſive populouſneſs. A more compleat 
knowledge of theſe facts may give riſe to regulations which, 
if the calculations of Dr. nick ſhall be found to be juſt, are 
but too neceflary ; but I fear I have already intruded upon your 
patience, and extended this paper beyond its due bounds, I 
ſhall only add, that if theſe inquiries fhould be favourably re- 
ceived. by the illuſtrious body to whom you have ſo obligingly 
undertaken to preſent them, they will be continued, and their 
value of courſe increaſed. by the additional number of objects 
which each year will ſupply. 


I am, &c. 


St. Alban's Street, 
March 26, 1781. R 
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Read May 21, 1787. 5 
N rn Holborn, 


SI R, eb. 27 1781. ; 


HAVE read with much pleaſure and information Mrs. 
ForD's caſe, which you publiſhed in Phil. Tranſ. vol. 
LXX. p. 128. From the facts you have adduced it amounts 


fection in the womb. 8 

This induces me to lay before you a ſingular caſe, that fell 
under my care ſome years ago. I am ſorry I cannot be more 
particular, having unfortunately loſt all my books and my 
notes of practice of this caſe and ſeveral others, by the capture 
of the convoy on the gth of laſt Auguſt. 

In 1768 the ſmall-pox was ſo general in Jamaica that very 
few people eſcaped the contagion. About the middle of June 
Mr. PETERKIN, merchant at Martha-brae, in the pariſh of 
Trelawney, got about fifty new negroes out of a ſhip : ſoon 
after they landed, ſeveral were taken ill of a fever, and the 
ſmall- pox appeared ; the others were immediately inoculated. 
Amongſt the number of thoſe who had the diſeaſe in the 
natural way, was a woman of about twenty-two years of age, 
and big with child. The Re | fever was ſlight, and the 

{mall-pox 
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to a certainty, that her foetus had received the variolous in- 
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diſtin and large, and ſhe went through the diſeaſe with very 
little trouble, till on the fourteenth day from the eruption ſhe 
was attacked with the fever, which laſted only a" few hours. 
She was, however, the ſame day taken in labour, and deli- 
vered of a female child with the ſmall-pox on her whole body, 
head, and extremities. They were diſtinct and very large, 
ſuch as they commonly appear on the eighth or ninth day in 
favourable caſes. The child was ſmall and weakly ; ſhe could 
ſuck but little; a wet nurſe was procured, and every poſſible 
care taken of this infant, but ſhe died the third day after ſhe 
was born. The mother recovered, and is now the property of 
ALEXANDER PETERKIN, Eſq. in St. James' s Pariſh. * 

In the courſe. of many years practice in Jamaica, I have re- 
marked, that where pregnant women had been ſeized with the 
natural ſmall-pox, or been by miſtake inoculated, that they 
generally miſcarried in the time of, or ſoon after, the eruptive 
fever; but I never ſaw any ſigns of ſmall-pox on any of their 


bodies, except on the child's above mentioned. 


I ally &c. 
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ſmall-pox had appeared before I ſaw her. They were few, 


XXIV. Natural H Hilary i the Ee which ben the Gum | 
Lacea.. By. Mr. James Kerr, of Patna; communicated by 
Sir Joy Banks, A 


trunk. 


Head and 


Read May 24. 1781. 


coceus LAC CA. 


THE ba and trunk form one uniform, oval, 


compreſſed, red body, of the ſhape and magni- 
tude of a very ſmall louſe, conſiſting of twelve 
tranſverſe rings. 
flat; the antennæ half the length of the body, 


The back is carinate; the belly i 


filiform, truncated, and diverging, ſending off 
two, often three, delicate, diverging hairs, longer 
than the antennæ. The mouth and eyes could 
not be ſeen with the naked eye. 

The tail is a little white point, ſending off two 


horizontal hairs as long as the body. 


It has three pair of limbs, half the length of 

the inſect. a 
I have often obſerved the birth of theſe inſects, 
but never could ſee any with wings ; nor could I 
find any diſtinction of fexes, nor obſerve their 
connubial rites: nature and analogy ſeem to point 
out a deficiency in ray obſervations, poſſibly 
1 | owing 


. KERR'S * / 1 3 3896 
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ii u Proper glaſſes. = 

This inſect is deſeribed in * ſtate in which 
it ſallies forth from the womb of the parent in 
the months of November and December. They |, 
traverſe the branches of the trees upon which 
they were produced for ſome time, and then fix 
themſelves upon the ſucculent extremities of the 
young branches. By the middle of January 
they are all fixed in their proper ſituations, they 
appear as plump as before, but -ſhew no other 
marks of life. The limbs, antennæ, and ſetæ 
of the tail are no longer to be ſeen. Around 
their edges they are environed with a ſpiſſid ſub- 
. pellucid liquid, which ſeems to glue them to the- 
branch: it is the gradual accumulation of this 
liquid, which forms a compleat cell for each in- 
ſect, and is what is called Gum Lacca. About 
| the middle of March the cells are completely 
formed, and the inſect is in appearance an oval, 
ſmooth, red bag, without life, about the ſize of 
a {mall cuchanical inſect, emarginated at the ob- 
tuſe end, full of a beautiful red liquid. In Octo- 
ber and November we find about twenty or thirty 
oval eggs, or rather young grubs, within the 
red fluid of the mother. When this fluid is all 
expended, the young iuſects pierce a hole through 
the back of their mother, and walk off one by 
one, leaving their exuviæ behind, which 1s that 
white membraneous ſubſtance found in the empty 


cells of the Stick Lac. 
D d d 2 Place. 
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The inſects ars the inhabitants of four trees. 
1. Ficus Religioſa, LINNEL. * Hin doltan, 
Pipul. Banyan Tre. 
2. Ficus Indica, LINNAI. Tn Hindoſtan, Bhur. 
Banyan Tre. 
3. Plaſo Hortus Malabarici. By the natives, 
Praſo. | 
4. Rhamnus Jujuba, : LINN BE. . In Hindoftanick, 
A 
The inſets generally 12 n ſo cloſe 
together, and in ſuch numbers, that J imagine 
only one in ſix can have room to compleat her 
cell: the others die, and are eat up by various 
inſects. The extreme branches appear as if 
they were covered with a red duſt, and their ſap 
is ſo much exhauſted, that they wither and pro- 
duce no fruit, the leaves drop off, or turn to a 
dirty black colour. Fheſe inſects are tranſplanted 
by birds: 'if they perch upon theſe branches, 
they muſt carry off a number of the inſets upon 
their feet to the next tree they reſt upon, It is 
worth obſerving, that theſe fig trees when 
wounded drop a milky- juice, which inſtantly 
coagulates into a viſcid ropey ſubſtance, which, 
hardened in the open ar, is fimilar to the cell of 
the Coccus Lacca. The natives boil this milk 
with oils into a bird-lime, which will catch pea- 
cocks or the largeſt birds. 
A red medicinal gum is procured by incifion 
from the Plaſo Tree, ſo ſimilar to the Gum 
Lacca that it may readily be taken for the ſame 
ſubſtance. 
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Inſect which produces the Gum Lacca. 377 
ſſſubſtance. Hencs it is probabfe, that thoſe in- 
ſes have little trouble in animalizing the ſap of 
theſe trees in the formation of their cells. The 
Gum Lacca is rarely ſeen upon the Rhamnus 


Jujuba; and it is inferior to what is found upon 
the other trees. The Gum Lacca of this coun- 


try is principally found upon the uncultivated 


mountains on both fides the Ganges, where boun- 
tiful nature has produced it in ſuch abundance, 
that was the conſumption ten times greater the 
markets might be ſupplied by this minute inſect. 
The only trouble in procuring the Lac is in break- 


ing down the branches, and carrying them to 
market. The preſent: price in Dacca is about 


twelve ſhillings the hundred pounds weight, al- 
though it is brought from the diſtant country of 


Aſſam. The beſt Lac is of a deep red colour. 


If it is pale, and pierced at top, the value dimi- 
niſhes, becauſe the inſects have left their cells, 
and conſequently they can be of no uſe as a dye 
or colour, but probably they are better for var- 
niſhes. 

This. inſe& and its cell has gone under the 
various names of Gum. Lacca, Lack, Loc Tree. 


In Bengal, La; and by the Engliſh it is diſtin- 


guiſhed into four kinds. | 

iſt. Stick Lac, which is the natural ſtate from 
which all the others are formed. 

2. Sced Lac is the cells ſeparated from the 
ſticks. ' 


zd. Lump 
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natives. 


Ornaments 


for the la- 
dies. 


Scaling wax. 


branches, break them into ſmall pieces, throw 


nute it will be hard and brittle. The value of 
Shell Lac is according to its tranſparency. 


Lac in making ornamental rings, painted and 


30. pn ng Pe Seed Lon liquiſcs by fire, 
and formed into cakes. 

Ath. Shell lac is the cells United, trained, 
and formed into thin tranſparent laminz in the 
following manner, Separate the cells from the 


them into 4 tub of water for one day, waſh off 
the red water and dry the cells, and with them 
fill a cylindrical tube of cotton cloth, two feet 
lonig, and one or two inches in diameter; tie 
both ends, turn the bag above acharcoal fire; as 
the Lac liquifies twiſt the bag, and when a ſuffi- 
cient quantity has tranſuded the pores of the 
cloth, lay it upon a ſmooth junk of the Plan- 
tain tree (Muſa Paradiſiaca, LINN XI), and with 
a ſtrip of the Plantain leaf draw it into a thin 
lamella ; take it off while flexible, for in a mi- 


This is one of the moſt uſeful inſects yet 
diſcovered. _ 
The natives conſume a great quantity of Shel! 


gilded in various taſtes, to decorate the arms of 
the ladies; and it is formed into beads, ſpiral 
and linked chains for necklaces, and other female 
ornaments. 

Take a ſtick, and heat one end of 1t upon a 
charcoal fire; put upon it a few leaves of the 
Shell Lac ſoftened above the fire; keep alter- 


nately heating and adding more Shell Lac, until 
you 
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Lies which prudusst the Gum Tacca. 379 
you have got a maſs of three or four pounds of 


| Hquified Shell Lac upon the end of your ſtick x. 


Knead this upon a wetted board with three 


.* © ounces of levigated cinnabar, form it into cylin- 


drical pieces; and, to give them a poliſh, rub 


them while hot with a cotton cloth. 


* In this manner Lump Lac is formed from Seed Lac. 


Take a lump of Shell Lac, prepared in the 
manner of ſealing-wax, with whatever colour 
© you pleaſe, fix it upon the end of a tick, heat 
the poliſhed wood over a charcoal fire, and rub it 
over with the half-melted Lac, and poliſh, by 
rubbing it even with a piece of folded Plantain 
leaf held in the hand; heating the lacquer, and 
adding more Lac as occaſion requires. Their 
figures are formed by Lac, charged with various 
colours in the ſame manner. 

In ornamenting their images and religious 
houſes, &c. they make uſe of very thin beat lead, 
which they cover with various varniſhes, made of 
Lac charged with colours. The preparation of 
them is kept a ſecret. The leaf of lead is laid 
upon a ſmooth iron heated by fire below, while 
they ſpread the varniſh upon it. 

Take of river ſand three parts, of Seed Lac 
waſhed one part, mix them over the fire in a pot, 
and form the maſs into the ſhape. of a grind- 
ftone, having a ſquare hole in the center, fix it 
on an axis with liquified Lac, heat the ſtone 
moderately, and by turning the axis it may eaſily 
be formed into an exact orbicular ſhape. Poliſh- 
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Painting. 
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ing a orc are made only of ch ſand as will 
paſs eaſily through'fitic muſlin; in the proportion 
of two parts ſand to one of Lac. This ſand! is 
found at Ragimaul. It is compoſed of ſmall an- 
gular cryſtalline particles, tinged red with iron, 
two parts to one of black magnetic ſand. 


The ſtone-cutters, inſtead of ſand, uſe the 
powder of a very hard granite called Corune. 

Theſe grindſtones cut very faſt. When they 
want to increaſe their power they throw ſand 
upon them, or let them occaſionally touch the 
edge of a vitrified brick. The ſame compoſition 


is formed upon ſticks, for cutting ſtones, ſhells, 
&c. by the hand. 


Take one gallon of the pd liquid from the firſt 
waſhing for Shell Lac, ſtrain 'it through a cloth, 
and let it boil for a ſhort time, then add half an 
ounce of ſoap earth (foſſil alkali) ; boil an hour 
more, and add three ounces of powdered load 
(bark of a tree); boil a ſhort time, let it ſtand 
all night, and ſtrain next day. Evaporate three 
quarts of milk, without cream, to two quarts, 
upon a flow fire, curdle it with ſour milk, and 
let it ſtand for a day or two; then mix it with 
the red liquid above mentioned ; ſtrain them 
through a cloth, add to the mixture one ounce 
and an half of allum, and the juice of eight or 
ten lemons : mix the whole, and throw it into a 
cloth - bag ſtrainer. The blood of the inſect forms 
a coagulum with the caſeous part of the milk, 


aud remains in the bag, while a limpid acid 


Water 


itt au rod H Sun Lacs. 835 
water drains from it. The coagulum is dried in 
428 12 vnd tis pled. 95. 6 4 of colour in painting 
colouting, . _ 
4 ee, qne gallon bf the ted iq u pvepared 2s 
; ; 2 fore without milk, to which gddirhogiounces. of 
klum. n Hil- Three or four ounces of 4amatinds 
W * inn igallondef Water, ignd-frainthe-liguer Nit 
equal pasts f che red diqvid and łkamaund Water 
over a briſk fire. In this mixture dip and wring 
the ſilk alternately until it has received a proper 
quantity of the dye. To increaſe the colour, in- 
creaſe the proportion of the ted liquid, and let 
the ſilk both a few minutes in the mi fure. To 
make the ilk hold the colour, they boi a handful 
of the: bark- called: Load in water, ſtrain the de- 
ooction, and add cold water to it; dip the dried 
filk into this liquor ſeveral times, and then dry 
it. Cotton cloths are dyed in this manner; but 
the dye is not fo laſting as in ſilk. 
The Lac colour is preſerved by the natives 
upon flakes of cotton dipped repeatedly into 2 
ſtrong ſolution of the Lac Inſect in water, and 
then dried, a | 
Tf to the Europeans. See European authors. | 


Dying. 
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XV. Account of 2 Pei Herbe upon the Thand of 
Sumatra. By William Marſden, E/. communicated by Sn ir 
"" Rig Banks, ke R. S. 


11 


Read May 24, 1781. 


4 


Caroline-ſtr: Ee”, 


$ I R, Feb. 24, 1781, 


URING my reſidence on the iſland of Sumatra in the 
Eaſt Indies, I had occaſion to obſerve a phenomenon fin- 
gular, I believe, in its kind, an account of which may not _ 
haps be unintereſting to the curious. 

In the year 1775 the S.E. or dry monſoon, ſet in about the 
middle of June, and continued with very little intermiſſion till 
the month of March in the following year. So long and 
ſevere a drought had not been experienced then in the memory Her 
the oldeſt man. The verdure of the ground was burnt up, the 
trees were ſtripped of their leaves, the ſprings of water failed, | 
and the earth every where gaped in fiflures. For ſome time a 
copious dew falling in the night ſupplied the deficiency of ra..1 ; 
but this did not laſt long: yet a thick fog, which rendered the 
neighbouring hills inviſible for months together, and nearly 
obſcured the ſun, never ceaſed to hang over the land, and add 
a gloom to the proſpect already but too melancholy. The 
Europeans on the coaſt ſuffered extremely by ſickneſs ; about a 
fourth part of the whole number being carried off by fevers 
"een and 
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and other bilious diſtempers, the depreſſion of ſpirits which 
they laboured under not a little contributing to haſten the fatal 
effects. The natives alſo died in great numbers. 


In che. month of November 1775, the dry ſeaſon having 
eũ g ats its uſual Period, and the SE. winds eee 
Pie unfetitting violence, the ſea was obſerved to be « covered; 
to the diſtance of a mile, and in ſome places a league from 
thore, with f/þ floating on the ſurface. Great quantities of 
them were at the ſame time driven on the beach or left there 
by the tide, ſome quite alive, others dying, but the greateſt part 
quite dead. The fiſh thus found were not of one but various ſpe- 
cies, both large and ſmall, flat and round, the Cat-fiſh and Mullet 
being generally the moſt prevalent. The numbers were prodigi- 
ous, and overſpread the ſhore to the extent of ſome degrees; of 
this I had ocular proof or certaus information, and probably they 
extended a conſiderable way farther than I had: opportunity of 
making enquiry. Fheir firft appearance was ſudden; but 
though the numbers diminiſned, they continued to be thrown 
up, in ſome parts of the coaſt, for at leaſt a month, furniſhing 
the inhabitants with food; which, though attended with no 
immediate ill con ſequence, probably contributed to the un- 
healthmets fo ſeverely felt. No alteration in the weather had 
been remarked for many days previous to their appearance. 
The thermometer Hood dne at the time of your at about 
85. * b . PA 716 
Varicus-were the coojetiires ſortned as to the GOL Fr this 
extraordinary phenomenon; and almoſt as various and contra- 
dictory were the confequences deduced by the natives from an 
omen ſo portentous ;-' ſome inſtrring the continuance, and 
others, with. equal plaufibility, a relief from the drought. 
With reſpect to the cauſe, I. muſt confeſs myſelf much at 2 
2 1018 


th 


obſerved upin 1b. Mam of Sumatra. 385 
joſs to account for it ſatisfactorily. If I might hazard a con- 
jecture, and it is not offered as any thing more, I would ſup- 
poſe, that the ſea requires the mixture of a due proportion of 
freſh. water to temper its ſaline quality, and enable certagn fpe- 
cies of fiſh t to ſubſiſt i in, it. Of this Galubrious correction it was 
deprived f for an unuſual ſpace of time, not only by the want oſ 
rain, but by the ceaſing of many rivers to flow into it, whoſe 
fources were dried up. I rode acroſs the mouths of ſeveral per- 
fectly dry, which I had often before paſſed in boats. The fiſh 
no longer experiencing this refreſhment, neceflary as it would 
ſeem to their exiſtence, ſickened and periſhed as in a corrupted 
element. 

If any thing fimilar to what I have above deſcribed has been 
noticed in other parts of the world, I ſhould be happy by a 
compariſon of the attendant: cireumſtances, to inveſtigate and 
aſcertain the true cauſes of ſo extraordinary an effect. In com- 
municating to you the obſervations I have made, 1 pur ſue the 
molt likely means of obtaining this ſatisfaction. | 


E have the honour. to be, &c.. 
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XXVII. Farther Experiments ba *C2ld, made at the, Macfarlane 


. Obſervato%y belonging to Glaſę gow College. In a Letter frum 
Patrick Wilſon, M. A. to the Rev. Nevil Pe D. D. 
F. R. S. and Aftronomer R oyal. 


Read May 24, 1781. 


College, 
1781. 


cou days of very cold weather, which we had lately in 

this country, having afforded an opportunity of proſecuting 
a little farther the experiments and obſervations begun in the 
courſe of laſt year, I now do myſelf the pleaſure of communi- 
cating to you the following particulars, which perhaps may be 
conſidered as not unworthy of notice. 

The froſt ſet in on Sunday the 24ſt of January, after a con- 
ſiderable fall of ſhow on the preceding evening, and about mid · 
night the thermometers were ex poſed near to the Obſervatory 
in the ũtuations mentioned im my farmer letter. The follow- 
ing regiſter ſhews the difference af temperature between the 
1 ſnow and the air, till. eight clock on Monday morning, ta 
| ml which are ſubjoined fame fats bäh Prove _ conſonant” to 
| thoſe deſcribed in the former paper 
| | The ſign — prefixed denotes degrees rs o. The 8 + 
1 degrees above o of TAHRENHEIT's thermometer. 
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Monday morning January 225 on, 
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From one o'clock till three in the morning the thermometer 
in air at the baluſtrade of the eaſt wing of the Obſervatory 
pointed from + 4 to +6, and on the ſhow there from 2 to 


p o. At half an hour after one the thermometer in air, twenty: 
p? four feet from the ground, and to the-windward of the houſe, - 


0 pointed to + 7, and at eight o'elock to + 1. At three o'clock 
the ſnow in the park, three inches below the ſurface, raiſed the 
thermometer to + 14, and at fix inches below, near the ground, 
to + 24. The barometer ſtood at 29.8 inches, and there was a 
perceptible motion of the air from the eaſt and one point ſouth. 
This night was a very general and lively aurora borealis, moſt 

a 3 part 
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part of it of a beight ak which formed a crown near to the ze. 


nith ; but it moſtly vaniſhed aboꝑt chres o ek. after which 
time the air became more ſtill, During the whole of this night, 


as well as of the ſ ucoceding times of obſerving, the air was not 
nearly ſo much diſpoſed to give out hoar-froſt as it was laſt year, 


On Monday evening the difference of temperature was s found 
to be as in the following regiſter. 


2 * . 


Therm. Therm. 
in air. in ſnow. 


— — — — +24 — +3 

— — — — + 8 41 

— — — — w 7 +1 
. x - — — oh + 7 :, T3 
10 30 — — — — +6 +0 
11 Ball of therm. I an inch above the ſurface- of the ſnow, + 5 © +3 
12 Ditto, — — — — ＋ 5 

Tueſday morning. | : 


1 Balltof therm. as formerly half immerſed in the ſnow, 4 6 
2 
2 zo 
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was found to be as here ſet down, © 0 
4 Ty; * Se 
Thurſday morning. 
os Thermometer — 2 Thermometer 
h. m. | in air, in ſnow. 
9 45 : NY . +10: 11 3 
8 — +10 8 24h 
10 30 — +14 > 
II « 2 RT. 
11 30 5 +17 — 
12 — | .+ 20 - 
12 30 - +28 
1 afternoon. - +25 ol 
1 30 r 


From ten till eleven o'clock this forenoon the thermometer 
on the baluſtrade in air, ſix inches above the ſnow, pointed to 
+14, and when tried upon the ſnow to 10. About noon 


this day ſome clouds were formed, which became quite general 


by one o'clock. 


During the two laſt times of obſerving, three experiments 
were made with a view of diſcovering whether,the ſnow with- 


out doors was gaining any thing from the air; or if any of it 
was carried off in the way of evaporation? For this purpoſe, 
a ſhallow diſh, made of ſheet braſs, four inches in diameter, 
was exactly filled with ſnow, and carefully weighed. In order 
to defend the outſide of the diſh from the air, that no hoar- 
froſt might attach itſelf to the metal, a circular hole was cut 
in the lid of a paſte-board box, fo wide as juſt to let in the diſh 
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to the very brim, ſo that nothing communicated with the ex- 
ternal air but the ſnow itſelf. The apparatus, in this ſtate, was 
ſet without doors for three hours each time, and then brought 
in to the lobby of the Obſervatory, where the diſh was again 
weighed : but in none of theſe trials did it ever appear, that 
any weight was loſt. On the contrary, at the firſt weighing, 
which was on Monday night, twelve o'clock, it had gained 
five grains. In the other two trials the increaſe of weight was 
ſcarce perceivable. f 7 

The temperature of the air in the weſt room of the —_— 
tory remaining very conſtantly for near two days at + 275, 
diſh of ſnow, ſimilar to the other expoſed there, was found to to 
loſe weight very ſenſibly, and for the moſt part at the rate of 
two grains in an hour. Notwithſtanding this, the ſnow 
thus waſting or evaporating had no power of finking the ther- 
mometer below +27, the temperature of the ſurrounding air; 
though at one time it was fanned for four minutes by a piece of 
paper faſtened to the end of a long ſticx. Not to diſturb the 
uniform temperature of this room during theſe experiments, 
care was taken to ſtay in ĩt a very ſhort time at every viſit, and 
to keep the door and the window - ſhutters cloſe. 

On Chriſtmas-day we had a froſt, which in the morning 
made the thermometer in air point to +21 ; and during the 
preceding night there had been a profuſe depoſition of hoar- 
froſt. A pound of this was collected, and its capacity for 
heat compared to that of ice, and found equal as nearly as 
could be judged. Before making the two mixtures neceſſary 
for this experiment, the ice was reduced to a powder, and 
ſpread out on a paper beſide the hoar-froſt till both had acquired 


the ſame temperature. 


On 


On Monday night, January 22, about twelve o clock, hav 
ing occaſion to take up a little ſnow, there was obſerved a cohe- 
fion among its parts rather greater than what might have been 
expected in a ſubſtance, at that time, ſo much frozen. This 
circumſtance was farther examined by the following experi- 
ment. A pane of glaſs was laid” on the ſurface of the ſhow 
till it had acquired the temperature of + 3, after which, with 
a bit of parchment equally cold, ſome ſnow was ſcraped from 
the very ſurface, and ſhaken all over the pane, ſo as to cover it 
in molt parts lightly. Upon now lifting the pane, and holding 
it with the ſnow undermoſt, the whole of it adhered, and it 
required ſome ſmart raps before the greater part fell away, 
What remained cleaved to the glaſs with ſtill a greater adheſion. 

The experiments related above afford further reaſons againſt 
the opinion of the difference of temperature betwixt the ſnow 
or hoar- froſt and the air depending upon evaporation. It would 
moreover appear, that this phenomenon depends not either upon 
the depoſition of hoar - froſt. What, renders this the more 
probable is, that on laſt year there was a much more copious 
depoſition at times when the difference of temperature was not 
more remarkable. But allowing that a depoſition had been 
found a neceflary circumſtance, . and always in proportion 
to that difference, the experiments on the capacities of hoar- 
froſt and ice ſeem to ſhew, that the ſenſible heat which diſap- 
pears enters not into the compoſition of the hoar-froſt ; other- 
wiſe the capacity of this ſubſtance for heat, compared to that 
of ice or common ſnow, ſhould be very different. It muſt be 
confeſſed, however, that the above mentioned experiment would 
have been more applicable to this reaſoning, had it been made 
with hoar-froſt given out in colder ſtates of the air. 
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I the air, at low temperatures, had any power 'of ang 
upon the ſnow or hoar-froſt, ſo as to produce a gradual melt- 
ing, this circumſtance, according to the known laws of heat, 
might occaſion the difference of temperature under conſide- 
ration. And what renders this idea not altogether improbable, 
is the peculiar coheſion among the parts of the ſnow above de- 


ſcribed. Perhaps a gentle melting might take place without 


much altering the appearance of the ſnow or hoar-froſt at the 
ſurface, as the parts, when diſſolved, might be gradually 
ſucked downwards, and be afterwards diſtributed through the 
whole drier maſs. It may alſo be worthy of an experimental 
inquiry to determine, how far that fort of concretion, ob- 
ſervable all over the ſurface of ſnow which has been long fro- 
zen, bears any marks of a flow proceſs of this kind. From a 
hill, a little way to the N.E. of the town, and which was to 


windward during the froſt, there were gathered two portions of 


ſnow, the one from the ſurface, and the other ſeven inches 
below it. The water produced from the two kinds is preſerved 
in very clean phials, in order to be compared together by ſome 
chemical trials, which, perhaps, may throw ſome light upon 
the whole of this matter. 

At preſent I ſhall conclude this letter, perhaps 3 much 
too long, with juſt mentioning one other fact which was new 
to me; namely, the power of ardent ſpirits of diſſolving ſnow, 
and conſequently of producing with it a freezing mixture. 
The alcohol and ſnow ſeparately were at eight degrees below the 


freezing point, and when mixed ſuddenly and intimately, the 


temperature became in the ſpace of twenty ſeconds 28* below 
o. This is a cold only 12* ſhort of that which FAHRENHEIT 


firſt produced by uſing ſpirit of nitre for the experiment; and 
it 


PIER . 
it is not improbable, had the preſent experiment been tried 
with more precaution and addreſs, that the reſult would have 


been ſtill more remarkable. There was employed only about a 
pint of aleohol, but the proportion of ſnow was not then 


attended to, and the thaw coming ſoon afterwards prevented. 


a repetition of the experiment. 


Jam, &c: 


4, 


CC 


I beg leave to add, that the water mentioned as produced 


from the ſuperficial ſnow has been examined by ſeveral chy- 
mical trials, with a view of diſcovering if it differed in any 
reſpect from the water obtained from ſnow gathered at 
conſiderable depths, and near the ground. Had the 
atmoſphere, when the thermometers pointed ſo low, been. 
diſpoſed to furnith any ſaline principle, the union of ſuch an 
ingredient with the ſnow would have tended to produce an 
exceſs. of cold at the ſurface, ſimilar to what was then ob-- 
ſerved. Or if the ſnow at theſe low temperatures had acquired 
any remarkable power of dephlogiſticating the air in contact 
with it, a cooling proceſs at and near the-confines of the ſnow 
and air might thereby have been maintained. In either of 
theſe caſes, ſome very ſenfible indications of a faline or of a 


phlogiſtic principle might be expected on the water given by 
the 
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the ow collected from the ſurface. But in oppoſition to both 
theſe views it remains now to be mentioned, that nothing of 
this kind did appear in the courſe of the experiments, which 
indeed were contrived chiefly to detect ſuch circumſtances. 

If therefore the arguments produced in both papers upon 
this ſubje& will not allow us to account for ſo remarkable a 
cooling proceſs by an evaporation. at the ſurface of the ſnow, 
it would appear, that there remains ſtill ſomething unknown 
with reſpect to the cauſe. A proper inveſtigation of this mat- 
ter, in climates favourable to ſuch experiments, may poſſibly 
unfold ſome farther properties of heat with which at preſent 


we may be wholly unacquainted. 


XXVII. A general Theory for the Menſuration of the Angle fub-- 
tended by Two Objects, of which One is obſerved by Rays after 


Two Reflettions from plane Surfaces, and the other by Rays: © 


coming direfily to the 3 s Eye. By George Atwood, 
M. A. F. R. S. 


Read June 21, 178 1. 


HE actual determination of an angle implies two obſer- 
T vations, one taken at each extremity of the arc by: 
which that angle is. meaſured! When fixed aſtronomical qua-- 
drants or other ſectors are uſed for the practical eſtimation of 
angles, one of theſe obſervations is previouſly made by direct- 


ing the axis of the teleſcope or line of collimation to ſome fixed 


point in the heavens, the index being then coincident with the 
mitial point on the arc of the ſector: after this adjuſtment 


one obſervation only is neceſſary to aſcertain the angular 


diſtance 
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di Nase between that point and 3 any other celeſtial objet ih thi 
plans of the ſector. This method, however, is evidently 
impracticable, unleſs the inſtrument can be ſteadily fixed; for 
which reaſon aſtronomical quadrants become uſeleſs at ſea; and 
from the difficulties which attend placing them in their due poſi- 
tion and adjuſtment on firm ground, they are 2 wholly 
confined to regular obſervatories. 

Mr. HAbLEY *, by an ingenious application of optical prin- 
ciples, contrived to bring both extremities of the arc meaſuted 
into the field of the ſpectators's view at the ſame time; by 
which improvement, angles are taken at fea, as well as on land 
with an unfixed inſtrument, to a degree of accuracy ſufficient 
for nautical and other purpoſes, when the utmoſt exactneſs is 
not required. 

Mr. HADLEY's invention is a particular caſe of a very 
extenſive theory, as yet but little attended to. According to 
his method, which is well known, the two reflecting ſurfaces 
uſed in the obſervation are perpendicular to the plane of mo- 
tion; the direction of the teleſcope, and of the rays paſling 
between the reflectors being parallel to that plane; whereas the 
inclination of the teleſcope, and of the intermediate rays, as 
well as of the reflectors themſelves to the plane of motion, 
admits of unlimited variety. A general theory to determine 
the angle obſerved by two reflections from the data on which 
its magnitude depends, without limitation or reſtriction, ſeems 
applicable to ſeveral uſeful purpoſes in practical aſtronomy. Hav- 
ing never ſeen any (geometrical conſtruction or analyſis of this 
Curious problem, I was induced to beſtow ſome conſideration 


* Phil. Tranſ. N* 420. See alſo a tract, intituled, The Theory of HapLev's 
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on the ſubject; and ſhall be happy if the reſult of my in- 
quiries appears to merit the attention of the Royal Society. 
Art. 1. The manner of taking an obſervation by two re- 
flections unconfined to any particular caſe may be deſcribed 
thus. Let C, B (fig. 1.) repreſent two plane reflecting ſurfaces, 
inclined to a plane OPA at any given angle. Through any 
point of the reflecting ſurface C draw a line perpendicular to 
the plane OPA, and with the point where the line meets the 
plane as a centre (which muſt here be repreſented by C) and 
any diſtance CP, deſcribe a circle OPA. The reflecting plane B 
always continuing fixed, let the reflector C be moveable along 
with the radius CP as it revolves in the plane OPA round the 
centre C: the angular motion of the ſpeculum C, referred 
to the circumference OPA, will be meaſured by the arc which 
the radius CP deſcribes, the inclination of the plane C to the 
plane of motion OPA being always the ſame, and * to that 
of the fixed ſpeculum B. 

2. The two plane reflectors, B and C, being equally in- 
clined to the plane OPA, it follows, that during the motion of 
C there muſt be ſome point O in the circumference OAP, at 
which when CP arrives, the reflector — wall be IR to the 
fixed reffector B. 

3. When the moveable radius which carries round the plane 
C is at any other poſition CP, let a ray flowing from a diſtant 
object T impinge on the ſpeculum C; let it be reflected from 
thence in the direction CB, and being again reflected at B in the 
direction BG, let it be obſerved by a ſpectator's eye at G; the 
image of T will appear ſomewhere in the line GBS; ſuppoſe 
that a ray flows from a diſtant object S ſituated in the line GB 
produced, and that this ray SG comes directly to the ſpectator's 
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reflections; from which,- together with ſuch database limit the 
problem, the true oma ſubterided by the 9 and 8 ww 
Us MRLEY 
4. The data | which limir this problem, beitig I for 
ry determination of the angle ſubtended by F and S are in 
number four, which are next to be conſidered: Iſt. One of theſe 
data is the arc PO, being the angular diſtance of the moveable 
radius CP, meaſured on the circumference of the cirele OPA, 
from that poſition CO, at which the two reflectors are parallel; 
the ſituation of this arc OP in reſpect of the point O being 
ſuppoſed known, that is, it being known on which ſide of that 
point, OP is ſituated in reſpect of the ray BG. © 2dly, The com- 
mon inelination of the reflecting planes B and C to the plane of 
motion is another of theſe data. The third and fourth of 
the conditions muſt be mentiotied rather more particularly. 
The ray BG is always underſtood to be given in poſition in 
reſpect of the plane of motion OPA (conſidered as immoveable) 
being either coincident with the line of collimation of a tele- 
ſcope, or diretted by ſights ſo as to be invariably fixed: the ſpe- 
culum B alſo being unmoved, the line or ray BC wilt never 
change i its poſition, from the known' principles 6f reflection. 
The angle CBG, therefore, and the half of that angle 
being the angle of incidence at which CB impinges on B, 
will be always of the ſame magnitude; whereas the half of 
the angle BCT, or the angle of incidence on the moveable 
ſpeculum C, is continually changing, while C is carried 
round in the plane of motion: this conſtant angle of in- 
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eidence or reflection at the fixed ſpeculum B will be 
mother of the data neceſſary to determine the problem. 
85 The 
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Theres AB. BC. and che ſpeculum N. being fed in = 
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of each. ,othpar, and of the plane OA. the plane CH wall - 
alſo; be giweri in poſition :; that is, its ĩnelination to the plane of 
motion, or to Any other fixed plane, will conſtantly be the 1 
ſame = whereas the inclination. of the plane BCT to the plane 
of motion, or other fixed plane, will be continually: changing 
while the reflector C revolves with the radius CP. The poſition 
of the plane GC conſtitutes. the fourth and laſt of the data» 
and it will be immaterial to what fixed plane it is referred. In 
the enſuing ſolution the ſituation of this plane will be defined 
by its inelination to the fixed ſecondary of the plane of motion 
which paſſes through the point O. 

5. The enumeration of theſe data leads to the ins. 
tion of the problem, a few obſervations being previouſly 
inſerted to prevent repetitions and unneceſſary references. iſt, 
The objects obſerved are underſtood to be lucid or illumined 
points, and ſo diſtant, that the rays which flow from either of 
them may be eſteemed parallel without error as far regards 
theſe obſervations: ſuch. objects are the fixed ſtars, any given . 
points in the diſks of the ſun. or planets, &c. 2dly, As in mea»: | 
ſuring the angular poſitions of objects which lie in the ſame 
plane, theſe objects are referred to the circumference of a circle, 
the centre of which is coincident with the ſpeRator's eye; ſo 
in eſtimating the poſitions of objects which lie in different planes, 
and of the inclinations of theſe planes to cach other, the ob- 
Jets, &c. are referred to the circumference of a ſphere, of 
which the centre coincides with the centre of the ſpeQator's 
view ; applying this to the preſent caſe, fince the lines 
CT, CB, SG (fig. 1.) are ſituated in different planes; in order 
to eſtimate their poſitions, any point may be aſſumed as 
the centre of a ſphere, and through that point lines are to be 
drawn parallel to the given lines CT, CB, SG, the points in 

Gg g 2 which 
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. Dhe data which limit this problem, beiſig neceſſary for 
che Fedde 6f the angle ſubtended by t. nnd S are in 
number four, which are next to be conſideredt Iſt. One vf theſe 
data is the arc PO, being the angular diftance' of the mbveable 
radius CP, meaſured on the circumference of the tirele OPH, 
from that poſition CO, at which the two refleQors are pafullel4 
the ktbation of this are OP in reſpect of the point O being 
ſuppoſed known, tliat is, it being known on which ſide of that 
point, OP is ſituatei in reſpect of the ray BG. 2dly, The com. 
mon inelination of the tefleQing planes B and © to he plane of 
motiom is another of theſe data. Thie third and fourth of 
the conditions muſt be mentiofied rather more particularly. 
The ray 50 is always underſtœd to be given in poſition 4nd 
reſpect of the plane of motion OPA (confidered'as immoveable) 
being either coincident with the line of collimarion ef a tele- 
ſcope; or diefted by fights ſo as to be invariably fxed's the ſpe⸗ 
culum B atfo being unmoved, the Iine or ray BC will never 
changt its poſition, from the knorr principles of reflection. 
The angle CB, therefore, and the half of that angle 
being the angle of incidence at which CB impinges on. B, 
will be always of the fame magnitude; whereas the half of 
the angle BCT, or the angle of incidence o the moveable 
ſpetulum C, is continually changing, while is carried 
round in the plane of motion: this conſtant angie of in- 
erdence or reflection at the fixed ſpeculum | B will be 
rep ma of the data — to determine the yy 
The 
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oh each. ,othnr, and of the plane OA, the plane C will - 
alſo be g gwen in paſition; that is, its inelination tothe plane of 


motion. orte any othet; ſixed plane, will conſtantiy be tha 
ſame Whereas the inelinatiog of the plane BCT to the plane 
of motion, or other fixed plane, will be continually: changing 
while tho xeflector C reyolves with the radius CP. The poſition 
of the plane GC conſtitutes; the fourth and laſt of the. data» 
and{ it; will be jramaterial; to what fixed plane it: is referred. In 
the enſuing ſolution che ſituation of this plane will be defined 
by its inelination to the fixed ſecondary of abe Nee of ien 
which paſſes through the point Oo. Ard dend 
5 The enumeration of theſe data leads to ths 9 
ton of the problem, a few. obſervations. being previouſly 
inſerted to prevent repetitions and unneceſſary references, ft, 
The objects obſeryed are underſtood to be lucid, or illumined 
points, and ſo diſtant, that the rays which flow from either of 
them may be eſteemed parallel without error as far regards 
theſe, obſervations : ſuch. objects are. the fixed ſtars, any given 
points in the diſks of the ſun. or planets, &. adly, As in mea · 
ſuring the angular poſitions of objects which lie in the ſame 

plane, theſe objects are referred to the-circumference of a 2 
the centre of which is coincident with the ſpeQator's.eye.; ſo 
in eſtimating the poſitions of objects which be in different == 
and of the inclinations. of theſe planes to cach other, the ob- 
jects, &c. are referred to the circumference of a ſphere, of 
which the centre coincides with the centre of the ſpectator' a 
view; applying this to the preſent caſe, ſince the lines 
CT, CB, SG (fig. 1.) are ſituated in different planes; in ordec 

to eſtimate. their poſitions, any point. may be aſſumed as 
the centre of 4 ſphere, and through that point lines axe to be 
drawn parallel to the given lines CT, CB, SG, the points in 
c G g g 2 Which 
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_ which 4he-lines ligterſefthe ſpheres farce. will give their re- 
lative -fituations-' by) dhe rules af trigonomety: :3dly, There 
will be np neceſſity to repreſent the reflecting planes in the 
general conſtruction, ſince the poſitions of the perpendiculars 
to the planes will give the ſituations of the planes themſelves. 

6. To determine by conſtruction the angle ſubtended by the 
objects T. 5 8, from the data which have betn deſcrihed, let 
APQCQ.\(fig. 2.) repreſent a great cirele of the ſphere to the 
ſurface of which the: objects obſerved, arid the poſitions of the 
incident and reflected rays, &c. are referred; C being the cen · 
ter, CK the axis, and K the pole of this great circle; through 
K draw any ſecondary KO, and from the pole K, at thediftance 
of the aro KF, = the-meafure of the given inclination of the re- 
flecting planes to the plane of motion, deſeribe a parallel or leſſer 
circle FIM: with the pole F, and at a diſtance equal to a quadrant, 
deſcribe an arc of a great circle interſecting the ſecondary KO 
produced in the point X, and in this arc from X take XY = the 
meaſure of the given inclination of the fixed plane of reflection at 
the ſpeculum; to the ſecondary which paſſes through the point O: 
and draw the quadrant VF, which produce in the direction VF: 
from F on either fide of F ſet off FD equal to the meaſure of the 
given conſtant angle of incidence at the ſpeculum B, and make 
FR (taken on that fide of F which is oppoſite to D) equal to FD. 
Draw the radius CO: from O ſet off an are OP in the circum- 
ference OPA equal to the meaſure of the angular diſtance de- 
ſcribed by the moveable radius CP from that poſition at which 
the: reflectors are parallel; obſerving that the are OP be'on that 
ſide of the point O which * correſponds with the conditions of the 
problem (art. 4.): through P deſcribe the ſecondary KP inter- 
ſecting the parallel FIM in the point I: through B and I deſcribe 


It is ſuppoſed to be known, whether CP beginning its motion from the poſi- 
tion CO approaches towards the viſual ray BG or recedes from it. 
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cation of it to the method of obſervation by two reflections 
ſhould be deſcribed. Join CP, CI, and CF. To the extremity C 
of the radius P let a plane ſpeculum be affixed; CI being 


always perpendicular to this plane: as PC revolves in the plane 


of motion, the perpendicular CI will deſcribe the parallel or 


leſſer cirole FIM, and when CP coincides-with CO, CI will 
Through B draw BR parallel to CF, and 
let a plane ſpeculum be fixed at B perpendicular to BR; CF 


coincide with CF . 


and BR being parallel when the perpendicular CI evincidis 
with CF, the reflectors at C and B will then be parallel. 

Join OD, and produce it to à very diſtant point 8, and 
through B draw GBS paralleb to CDS; the reflectors C and B 
being parallel, and their perpendiculars coinciding with CF and 


BR, let a ray SC impinge on the reflector C: becauſe FC is the 


perpendicular to the ſpeculum C and the are DF = FB by con- 
ſtruction, theſe ares being in the plane of the ſame great cirele 
DBQ, it follows, that the ray SC will be reflected from C in 


the direction CB, impinging on the ſpeculum B at the angle of 


incidence CBR; and ſince DC and BG are parallel by con- 
ſtruction, and the parallel lines FC BR fall on them, the 


angles RBG, FCD, will be equal, and FCB or CBR RBG. 
CB therefore being the ray incident on the ſpeculum B will be 


reflected in the direction BG parallel to SC; and a ray SG com- 
ing directly from 8 will be ſeen coincident with the reflected 
ray BG. Here we obſerve, that the planes of reflection at C 


and B, that is, the planes DCB and CBG —— the re- 
gedtors being parallel. 


Let 


40 
the arc of agveat circle BIE, and in it take El 6quadit In: 

through Dland E draw: the art of a great cirtle DR the arc 
DE will ben the meaſure! of the true angle fubtended by the 
objects obſerved, according to the data of the problem 
Previous to the demonſtration of this conſtruction, the appli- 
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it the ſpeculum O 
8 IB by hren, y impinging om Odi ths di- 
Un TR il be reflected in the plane ECRD und- becauſb 
ECI ICB, che reflected ray will ceineide with the line CB, 
and after reflectiol at B will * proceed in the direction BG; 
being coihcident with che ray SG which comes Airebtly from 8. 
When che perpendieular CI leaves EE, the pläne of reflection 
ICB'becomes inclined to the plane of reflection DCBG! with 
which- it before” toincided/z, but the poſition of the rays CB, 
BO, and ef >the perpendicular BR, remains unaltered; for 
which reaſon the plane GBCFD correſponds to the fixed plane 
of reflection deſcribed among the conditions (art. 4.) . When 
CI was: coiacident with CF, the radius CP was coincident with 
CO, O being the initial point of the arc OP, deſcribed. by the 
radius CP, denoting that when CP comeides with O, the re- 
flectors being then parallel, the inclination. of the ray SC ob- 
ſerved” aſter two reſlections, and SG obſerved by direct rays 
parallel to SC, is nothing: the great circle KO, therefore, 
which paſſes through Oand F, will be the fixed or primitive ſe- 
coridary to which the inclination of __ _ arent re 
tion at the ſpeculum B is referred. „ el? At. 
The demonſtration of the eee will. condi of two 
parts. It muſt be-firſt ſhewn, that the conditions or data of 
the problem are obſerved in the conſtruction. '-2dly, That the 
magnitude of the arc ED, which meaſures the angle a 
by the obſerved objects is limited or determined by them. 
Suppoſing the angle TCs to be of any unknown a 
it has appeared, that according to the conſtruction, the rays 
which come from T, and are ſeen after two reflections at C and 
B, "wall be ade to coincide / with the _ which Oo 
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motion vtas conſtructed of the magnitude which. is meaſured by 
the ard NF. KC is perpendicular to the plane of motiog. C 
is perpencheular, to the reflecar-C, and the inclination of theſe 
two lines CK. CF, is meaſured by the are KF; but the incli- 
nation of any two planes, is the ſame as the inclination of 
two lines which are perpendicular to them; the inclination 
therefore: of the reflector C to the plane of motion is meaſured 
by the are KF, and the ſpeculum B is equally inclined to the 
plane of motion with C by the conſtruction, the perpendiculars. 
CF and CT being parallel when both. are ſeated; in the Bape % 


zdly, KO being the — Yue which the. reiten * 
fixed. plane of reflection DHB at the ſpeculum B was; referred, 
that given. inclination will be equal to the angle OFB, which, 
is meaſured by the are * e, to the ropſtraFipns. Fx 
being a quadrant. | 

zZdly, Moreover, FD=] FR. — * Eibe com 
ſtant angle of incidence at the, fixed ſpeculum; CBR is the, 
angle of incidence at the fixed; ſpeculum B, andit is equal to the 
angle BCE, becauſe CF and BR are parallel by conſtruction, and 
CB falls on them.; FB, or its equal FD therefore is truly cons 
ſtructed the meaſure of the given conſtant angle of incidence at 
the fixed ſpeculum B. U 
4thly, Becauſe it has bar, ſhewn that CO; 1s the akin of 
the radius CP, when the reflectors are parallel, the arc O is. 
rightly conſtructed the meaſure of the 3 e of the 


radius CP from that poſit ion. 
It remains only to demonſtrate t at theſe. Gs Bren nn 
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ties, KF, OP, XX, and DF, limit the magnitude of the arc 


ED :: 


eee er. mebſured byithe gives EY 
triaagie MK F, and in it, therefore, thi Tid6\ F. and 
ag dhe angle IFK, are determined. If from IFKicthe- Siven 
apple. DFR. tneaſured by the are XV, de ſubtracted, the re- 
-maitder 1D, and. IF its ſupplement to 1807 will be defined: 
the given ate FR, with the angle IEB and the arc IF, deter- 
mine the angle IBE, and the arc IB, or its double BE: and the 
Senne BD, the arc BE, with che contained angle DBE before 
. termined, define the arc ED, which is therefore the trug-mez- 
Avrewf: the angle ſubtended by the objects redn ba 
| ider fulfilled 1 in theconſtrution. 1 «|; +> » 

7. The computation. of the obſerved * Dek Her * 
the. preſent omitted. ſome conſequences which follow from the 
conſtruction may be inſerted:i in this place, being either corol- 
laries, or ſuch truths as admit of eaſy geometrical deduction 
from the general propoſition. The line DC wihnbways be the 
poſition of- the viſual ray or line of callimation of the teleſcope 
uſed, in the obſervation and the inclination of it to the pla 
of, Motion will be meaſured by the complement of the. arc DE 
to a quadrant. The line BC will be the polition of the ray 
Which paſſes between the reflecturs B and C, and the inclina- 
tion of it to the plane of motion will. be meaſured by the com- 
plement of the arc BK to a quadrant. Theſe arcs are left out 
of the figure, that the more material parts of the conſtruction 
might not be confuſed by them. 

8. Every thing elſe remaining, let the 1 IM. (bg 3) 
'be projected on the plane of motion OOP. Through the 
points F and I draw the arc of a great circle NIFR. The ob- 
ſerved * objects T and 8, or, which is the ſame thing, the points 
of interſection at the Tphere's ſurface E and D will be at FUL 

# » Compare fig. 2. =" 4s 


perpen- 


— Through the points 'Bg D, and B, draw che 
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diſtances from this are, which me be d- 


arcs EN; DL, and BR, perpendicular to-NIFR : chem ch tri- 
angles DFL, FBR, being equal, DL will be equal to BR ; 
moteover, the triangles ENI, RB, being equal, the ares RN, 
RB, will be equal: from whenqꝑ it follows, that EN DL, or 
the perpendicular diſtanees of the points E and D from the arc 
of a great cirele which paſſes through the points I andH=F, are 
equal. It appears alſo,” from the ſame conſtruction, that the 
arc NL, interceptet/ between the two perpendiculars EN, DL., 
is equal to twice IF: for becauſe the triangles EIN, RIB, art 
equal, as are the triangles? DLF, RFB, it follows, that NI. is 
equal to IN, and EF te FR, wherefore 2IR = NR, and 2RF 
LR: whence, by ſubtracting equals from equals, 2 RI 2RF 
NR LR, or 2IF = NL, which was mn to be de- 
monſtrated. 
9. From this laſt comflruthicn and ee che follows 
ing proportion is inferred. As radius : coſine of DL or EN; 
fo is the fine of IF to the fine of half the arc ED, or of half the 
obferved angle : for if the ares NE, LD (fig. 3.), be continued 
until they meet in the pole H, the arcs NH, LH, will be qua- 
drants, and the triangle EHD iſoſceles, which, from a property of 
ſpherics too obvious to need demonſtrating, gives this propor- 
tion: as the chord of NL to the chord of ED, ſo is radius 
to the fine of DH, or coſine of DL; but the cba ef . is 
equal to the chord of 21F from art. 8. We have, therefore, 
as radius: coſine DL, fo is the chord of 2H to the chord of 
ED, or, which is the ſame proportion, as radius : cofine DL, 
ſo is the fine of IF to the fine of half ED. 

10. From the laſt article it appears, that the fine of half 
the angle between the obſerved objects, or the fine of half ED, 
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mA rbitlie cofiis of DL This WIIl lead to tlie fan · hay in 
; «frorating (art. 41 che. roriditidns whachlimit the magnitude 
Sfthe obſerved arc ED, che poſition of the ſecondary P, in aoſpecſ 
of the poififfof interſection Q and of the fixed ſecondaty KO, 


was annered t for it will appear, that every thing elſo being the 
ſame} tho magnitude of the arc ED will depend on the poſition 
of the ſecondary KP, whether it be on ane ſide of the fixedife 
| condary KO, or on the other, the angles PK O, BK, being equal. 
Having ſet eff Op = OP draw the ſecondary; Ks interſecting 
the parallel FIMU'in the point U; and through B and U draw 
the art of a great circle BUW A take UW: = BU; and through 
Prand W draw the arc of a great circle DW then by the 
conſtrufion and demonſtration in art. 6. the angle ſubtended 
by the obſerved objects will be meaſured by the are DW, and it 
will be eafy to ſhew,. that DW is not equal to DE, except in 
two exttetne eaſes ; tbiat is, when the fixed: plane of reflection 
DFB is either coincident with the primitive ſecondary KO 
perpendicular to it. Through: the points F and: U, draw the 
are of 4 great circle VFII, and from D draw thetare DV 
perpendicular to VFU :- fince 4 the ſines of- half the:arcs 
BE; DW. are in a proportion compounded of the proportions 
of the fine of IF to the fine of FU, and of the coſine of DL 
to the coſine of DV, the ſines of IF, FU, being equal by the 
conſtruction, the fines of half the arcs ED, DW, will be in the 
fame proportion with the cofines of DL and DV, which are 
evidently unequal; conſequently, the fines of half the ares 
DE, DW, and therefore the arcs themſelves; muſt be unequal, 
11. The angles PKO, OKp, remaming equal, when the 
fixed "Ps of reflection BFD (fig. 4.) is en, with 59 
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1 = . 
fceondary KO, or at right imgldsito it, ther porpendiaulese 
DV; becoke equal in both c, which: 5; obvious rae! 1 
quality; of-the triangles DVF, DLF it —— 
kart. re.) that the fines of Fl. aud FU, and the coſines of, U. 
DV, being equal, the ares DE, DW, a — in theſe * 
extrerne: caſes; but in no other. © | 
12. Since the angle -fabtended by the pi ey e * 
10.) depends only on the fine of IF and the coſine of DL, it 
is plain, that if the points D and B be interchanged, (fig. 2, 3,4.) 
the angle obſetved will not be altered, every thing elſe remaining 
the ſame; betauſe neither the ſine of IF, nor the coſine of DL, 
is affected by this change. For this reaſon in any conſtruction for; 
meaſuring angles by two reflections, the poſition of the * viſual 
ray may be altered into that of the ray BC paſſing between the 
reflectors, which will become in that caſe the ſituation of the 
viſual ray, this alteration noways affecting the obſerved angles. 
13. While the perpendicular CI (fig. 2. and 5.) deſcribes the 
parallel FIM, the angle of incidence on the moveable ſpeculum 
Q that is, the angle ECI or ICB, meaſured by the arc Bl, 
continually.-increaſes until it arrives at a certain limit. This 
limit is determined by drawing through the points B and K. 
the arc of a great circle BEM. When the perpendicular Cl. 
arrives at M, the arc BM is the greateſt poſſible, which wall 
therefore be the meaſure of the greateſt angle of incidence on 
the moveable ſpeculum, according to this conſtruction, the 
radius CP having then deſcribed from O an arc which is the; 
meaſure of the angle FEM. Now it is plain, that if the arc 
MB ſhould be greater than a quadrant, there can be no, viſion 
by two reflections, when the perpendicular CI coincides with M 
(ſuppoſing the moveable ſpeculum to reflect on one fide only) 


becauſe the angles of incidence and reflection on any {pegulum. 


The poſition of the.ray: DC is the ſamc with that of the ray BG parallel to 
it, when referred to diſtant objects. wm 
H h h 2 muſt 
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 cblervetiom-by tere eflecon may he taken whk che radu 
GP isdiveted16/any point in the circumference of tile plameof 
motiom. When the are BM is greater than à quadrant; two 
other limits will be produced in the circumference of the plane 
OCy's: while the radius CP is between theſe limits; no. obſer· 
vation by tro reflections can be taken: theſe limits are con- 
Aruged-thus: (fig- 6:). BM being greater than aquadrant, with 
the: pole B aud diſtance BI equal to a quadrant, deſorihe the 
are of a great circle I interſecting the parallel VM in the 
points T and i: through Land i draw the ſecondaries KV, KZ: 
vrhile the radius CP is between Z, and V no obſervation can be 
taken by two reflections. If BIE, B; E, be drawn equal to a2 
ſemi- eirele, and DE joined, then DE wall be the meaſure of 
the limiting angle which can be obſerved by this conſtruction, 
either on one fide of KO or on the cher; and becauſe; by the 
principles of trigonometry, the ares HD and DE are in the ſame 
great circle, BDE being a ſemi- circle, we ſhall derive from the 
oonſtruction this concluſion: the difference between 1 do? and 
double the angle of ineidenee on the fixed ſpeculum, will be a 
limit which terminates the angle obſerved by two roflections in 
eyery caſe, when the arc BM is greater than a quadtant “.. 

14. In any given example formed on the principles. which 
have been demonſtrated (fig. 2.) for the eftimation of angles 
by two reflections, three of the four quantities neceſſary to 
determine the reſult muſt conſtantly be the lame, while the 


angle ſobtended by the objefts obſerved : the: — magni- 
tudes of theſe three given quantities will cauſe a great variety 
of properties in conſtructions which depend on the -gehicral 

- # This termination of the angle which can be obſerved by toro roflections may 


happen while the obſerved angle is increafing or decreaſing during the revolution 
eb: the index in the plane of motion. 
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FEE ͤ ²˙ A 0h. — top 
try H che angles DEK HA.) J Being the! indian of: - 
the fixe plant of reflection t the” ramitive: nr b 
2-99%' and the are KF, or the inclination ot the reflectors too 
the / plane of motion, be 29 alſo; the conſtruction will be⸗ 
come that of HAL N“S inſtrument (ng. .) whatever be the 
magnitude of the arc DF, that is, of the angle of incidence on the 
fixed ſpeculum B: in this caſe the points Fand O, and the points 
Iand- P, coincide. Here IF or PO meafures the inclination of 
the reflectors to each other; and becauſe BE FD, and BI = IE, 
by conſtruktion, i it follows, that DB PO, that is, the angle 
ſubtended by: the obſerved: objects is double to the angle at 
which the reflectors are intimed to each other. This is a known 
property of HADLEY's inſtrument, in which the viſual ray, and 
the ray intermediate between the reflectors, are in the plane of 
motion, which is alſo expreſſed in the n DC — 
coinciding with the plane POC. 2.4 

15. Biſect KO in F; then: will kagge (be. 3). The: 
viſual ray CD being comcident with the plane of motion, let 
the inclination of the reſlectors to tliat plane be equał to / 
45: moreover, let tie auge DFK =:180* ;. ſo fhall D cον]. 
cide with O, and B with K: this will afford a good example 
to the general theory Let the radius CP move into any ꝑgiven- 
poſition, carrying with it the ſpeculum C and its perpen- 
dicular CI: here the obſerved object E and the point B are 
always equi · diſtant from I; and becauſe BI is half a quadrant: 
by eonſtruction, it follows; that IE will be of the fame mag- 
nitude, BE therefore will be a quadrant, and conſequently E- 
will coincide with P, being always in the plane of motion. 
The following properties are alſo derived from this -conftruftion. - 
1ſt; The are DE ſubtended by the obſerved objects is equal: to 
1 arc dan A the index or moveable radius CP from: O; 

£4::/'> 2. »#® Qompare 2 ; 
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Aerkig it this from Mir” HADLEY — bee 
the angle obſerved'is <q qual to double the angle deſcribed by:thie 
thoveable radius Bal the initial Point of the ae O. While 
therefore the moveable ſpeculum C is carried wund by the ra- 
dus CP in the plane of motion according to the-new: cotiſtruc- 
tion juſt deſctibed, the image of E moves with: an angular velocity 
Juſt equal to that of the radius, the motion of the image being, 
according to Mr. naDLEY's invention, always greater than that 
of the radius in the proportion of 2 to 1. 2dly, The angles 
of incidence and reflection on both ſurfaces' are conſtazitly the 
ſame, being equal to 45% 3dly, BI (art. 13) being always 
loſs tliati 90, obſervations by two reflections may be taken all 
round the circle, that is, angles of any magnitude may be 
meaſured by this conſtruction. It will not be difficult in prac-! 
tice to regulate the inclination of the plane reflectors to the 
plane of motion, with the other given quantities to their true 
magnitude. Let the reflectors B and C be brought parallel 
when the index. or radius CP is directed to O, being the initiat 
point of the arc OP: in order to examine whether the fixed 
plane of reflection BFD be coincident with the primitive ſecon- 
daty KO, it is only neceſſary to obſerve the angle ſubtended by 
two given objects when the index CP is on the different ſides of 
the initial point O: if the index be directed to unequal diſtances 
from that point at the times of obſervation, a correction is re- 
quired (art. 11.), To examine whether the inclination of the 
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reflectors to the plane of motion be exactly 45, let the index; 
CP be directed to 180: if the inclination of the reflectors ta 
each other be not then = 90ꝰ, a correction muſt be applied. It 
will be known whether the inclination of the reflectors to each 
other be S go), by obſerving the two oppoſite horizons at ſea, 


and at land by various obvious methods, Theſe examinations 
* 145 are 


— — 


5 


k. "I 1 7 a 
Ln . 
= 


N 8 
* * * _—_ bo . a” K * ww N — 2 — * * 
l — . - - * ite. 6. *** * * N * N ö . 
' — , * " T * = = - 
= - - 
1 N e at 4 , - 
- . 8 \ - 1 * - 
o * * C- = K 5 
Wo 4 , * | " , 
* 
* 51 | 


4 
ae sol independent he Ware gehe 1 


aim, ſahichf ie gulated do its tue fituation parallel 

rbe plane ORA, by making the plane OPA fixed. in Hard to 
diſtant ohijscta, and by obſerving if the images, of fis Es ſeep 
after ce afleGious, of the rays, deſerihe thig are of a great circle 
While & is, garriod round the plane of motion. Any 1 three fixed ob- 
jets, at a ſuſſicient diſtange, and fityated i in the ſame plane with 
the obſer er's eye, will be ſufficient for making this adjuſtment. 

Fig · 97 Lo: and 11, repreſent, the progreſs of the rays, and 
the paſition of, the reflectors according t to this conſtruction. TC 4 
is a ra Yung; from any object T' in a direction parallel to the 
plane-of the Motion, and impinging on the ſpeculum * which 
18 inchaed, to. that plane at an angle of 45 from hence. it is : 
reflected in the direction CB perpendicular to the plane Os, | 
and being there reflected byt the ſpeculum B proceeds ; in the given a 
or conſtant direction: BG parallel to the plane of motion OPA. 

16. There is angther gonſtruction which follows from the. 
oeneral.. theory, the deſeniption of which ſhould. not be 
omitted. This Will. z require ſome little explanation, As ber : 
fore (ſig. 12.) let OPA repreſent, the plane of motion, K its 
pole, FAM, a parallel or lefler circle projected on it, the diſtance 
of this. parallel from the pole K being meaſured by the arc FR; | 
let KO be the imitive ſecondary, and BFD the fixed plane of | 
reflection on the ſpeculum B coincident with it. The other 
parts of the conſtruction * remaining, it has been demonſtrated 
(art. 10.), that the ſine of half the obſerved angle, that . 
the ſine of half ED, is proportional to the ſine of IF, and 
the coſine. of DL jointly. Every thing elſe being the fame, | 
it ig manifeſt, that the fine of half ED, will be proportional to 5 


the. ſing of IF: AS Shores, the arc KF, that, is, the e 


- N 2 e 


0 by Dc fie. : 2, "ood 3. 5 


wi B+ ————ů 

ce angle 8 or arc ED will become ſmallet at dd f 
time, becauſe FI decreaſes with KF, the angle N remaining, 
This property ſeerns applicable to good purpoſe in meaſuring 
mall angles, not only from the great extent of ſeule, which 
is here obtained, but from vatious advantageous cireumiſtanees, 
which Will appear in the ſubſequent article, and from _ com- 
putations annexed in thoſe which follow. 

In this conſtruction the fixed plane of reflection is made 
coincident with the primitive ſecondary for various reaſons: 
chere are only two poſitions of that fixed plane which admit of 
eaſy and exact adjuſtments; theſe ate vvhen the fixed plane of 
reflection is either perpendicular (art. 11.) to the primitive ſe- 
condary or coincident with it. The latter poſition is preferred 
excluſive of the advantages it poſfefles in common with the 
other, becauſe it affords means for a very preciſe adjuſtment of 
the inclination of the reflecting planes to the plane of motion, 
that is, of the arc KF; for if the primitive ſecondary -OKMD 
{fig. 12.) be produced, and in it DG be taken equal to four times 
KF, it is manifeſt; that when the perpendicular CI coincides with 
M, or, which is the ſame thing, when the radius CP is directed 
to 180 the object E obſerved by two reflections will coincide 
with G, becauſe BF=FD and BM = MG by conſtruction. If 
then two given objects be obſerved when the index points to 180", 
the inclination of the plane reflectors to the plane of motion 
will be one fourth part of the angle ſubtended by theſe objects. 

Concerning the magnitude of the arc FB, being the meaſure of 
the angle of incidence on the fixed ſpeculum, and of KF = the in- 
clination of the reflectors to the plane of motion, it will appear, 
by the computations®, that the ſmaller they are both taken, every 
thing elſe being the ſame, the more exact will be the reſult of 
the obſervation; but both are limited by circ umſtances which 


* Infra. 
ſhould 


— Dries, te 
—— 
— — mall angles When reduced to 
{piagticeesOAPE (fg: 13.) is the plate: of motion, C the 
 moreabledpec lum: carried round in tlie plane of motion by 
the radius die ray coming from any diſtant object T im- 
pinges on the ſpeculum Q, and being reflected in the direction 
the: axis hte leſcope. A ray coming from another diſtant 
obje cid, achned-to the ray TC at a fmall angle enters the tele- 
ſcope pa tallel ta the direction of its axis, which 1s coincident with 
G, and conſequently the images of the two objects Sand T will 
be ſeen to coincide in the middle of the field of the teleſcope, 
the angle ſubtended by them being BGT, which muſt be _ 
mined by. the fabſequent computations. - 
AB this figure (fig. 130, dt e argument, it 
ig plain, that the magnitude of the reflecting ſpeculum C limits 
the conſtant angle of incidence on B; for were that angle = So, tlie 
lines CB, BG, wauld coincide, by which means the ray BG 
and others adjacent to it would be intercepted from enter⸗ 
ing the teleſcope. The magnitude of the reflecting plane de- 
pends on the, quautity of light required; if a circle of about 
1.3 inches diameter be tufficient, and the perpendicular diſtance 
of the reflecting planes be made equal to five inches, the leaſt 
angle of incidence, conſiſtent with theſe conditions, will be 
about. 77. It is however to be remembered, that the magnitude 
of the refleftors- ſhould: be adapted to the aperture of the tele- 
ſcope uſed.in the obſervations + As the area of the ſpeculum in- 
creaſes, the night admitted into the ſame teleſcope decreaſes, 
and, theſe areas ſhouldbe ſo proportioned as to afford equal quan- 
ates of light, ſo that the objects ſeen by two reflections, and 


by direct rays, may be nearly of equal brightneſs ; but for the 
Vo. LXXI. Iii ſake 
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fake of conſtrufting an example to this theory, the magnitude 

af the reflefting planes and the angle of incidence on the fixed 
ſpeculum B depending on it * be med of the value men- 
tioned in this article. 

18. The magnitude of the arc KF, or of the inclination of 
the reflecting planes to the plane of motion is limited by the 
angles which the obſerved objects ſubtend (art. 16.). Fig. 12. 
Becauſe the greateſt angle obſervable will be meaſured by four 
times the arc KF, it follows, that the arc KF muſt not be leſs 
than one fourth part of the greateſt angle intended to be ob- 
ſerved by this conſtruction; if the inclination denoted by the 
arg KF be fixed at 100%, four times that angle being 40 will be 
greater than the apparent diameters of the ſun or any of the 
planets. 

19. It remains to infer from the preceding conſtruction (fig. 
2), the actual meaſure of the angle ſubtended by the objects 
obſerved. This muſt be effected by computation, which will 
not only ſerve as an illuſtration of the theory, but afford means 
of eſtimating and comparing the errors in the angle deduced, 
occaſioned by the unavoidable errors in obſervation and practical 
conſtruction; an examination extremely uſeful in aſtronomical 
ſubjects: next to removing errors entirely from obſervations, 
which is ſcarcely to be hoped for, the leflening, circumſcribing, 
and reducing them within known limits is an obje& of prin- 
cipal conſequence. | 

20. The conſtruction of fig. 2. remaining, through the 
points F and J (fig. 14.) draw the great circle FI. Biſect Fl in 
Q, and through the points K and Q draw the arc KO. which 
will be perpendicular to IF. To determine by computation the 
arc ED which meaſures the angle ſubtended by the obſerved 
objects, three ſpherical triangles, KE or KIF, IFB, and 
DBE, muſt be ſolved, for which the data are evidently ſufficient; 


5 or 


or the value of ED may be obtained from the ſolution of two 
triangles KQF and DFL, with the 6 W 3 
art. 9. 

21. To proceed with the computation, — D draw 
the arc DL perpendicular to FI, and let the fine of QKF =, 
being the ſine of half the arc OP, the meaſure of IKF : put the 
- ſine of KF=s, the fine of DF = n, the ſine of DFK = x, ra- 
dius = 1. In the right-angled ſpherical triangle KQF, the pro- 


perties of f. Pherics give this proportion: as radius tg the ſine 
of KF ſo is the fine of QKF to fine of QF; wherefore 


ſin. =; coſ. QF=v/1 Ai; and fin. FI (FI being 
double to QF) = 2 V1 —#op** Moreover, becauſe as rad. 
to cof. Q ſo is col. QF to coſ. KF, we have col. KQ= 


VIi-s == and fin. KQ = — XL . And fince as rad. : fin. QFK 
VET rr, 
ſo is fin. KF to fin. KQ; this proportion gives fin. QFK = 


Lo E; and becauſe the fine of the angle LFD is the ſine of 
13 1 | 
the difference (or ſum) of the angles Q, DFK, of which 


the ſines are, ſin. EK = N juſt found, and fin. DFKI 
1 
by the data, we have from the rules of trigonometry, 
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and ſince in the right angled triangle LDF, as rad. : fin. DF :: fin. 
DFL: fin. DL, and by the problem fin. DF = mt appears, that 


* Tf the points P and Q be on different * fides of the point O as they are repre- 
ſented in the conſtruction, the laſt term will be affected with the fign — : if P 
and Q be on the ſame fide of O, the ſign of the laſt term will be +. It may be 
here obſerved, concerning the geometrical conſtruction (fig. 2. and 3.) that when 
P and Qare on different ſides of O, the angle obſerved ED will * greater than 
when thoſe points are on the ſame fide of the initial point O, the 4 OP * Op, 
being equal, 


* Compare fig. 2. 
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The fine of IF was ſhewn to be 25 *, and its 
fquare'= 45*p* x 1 —5'p*: moreover, it was demonſtrated in 
art. 9. that as rad.* : col. BL. :: fin, IF. : in. EB which 
gives, by ſubſtituting the values of coſ. DL* and tin. 1F*, and 
ebaltipying the l BT inte U E., E FED! = 
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4p x14 5: 8 m . +p'm” A + m fp Ka NK NIA Vip X Vie 
ur and the coſine of 4ED* = 


— — — — 


1-4 N X 1-1 f n "+ p* m. LA Fan pn X = K VI 7 x 7 
finally the coſine of ED is therefore = 


PU ²˙ re 


1-8'p" * 1= * m * + mf 1 2 2 mM" I am- pn x of 1-f x i x iu, 
232. The particular caſes inferred from the geometrical con- 
ſtruction may be compared with this analytical value of the coſine 
of ED, or of the angle ſubtended by the obſerved objects. If 
28 aud 1=1, by ſubſtituting x for s and z in the expreſſion 

juſt found, we ſhall have the cofine of ED= 1 — - 8þ* + 8þ*, which 
is the cofine of an arc four times greater than that of which the 
fine=p. This anſwers to the properties of HADLEY's inſtrument, 
in which K For the inclination of the reflecting planes tothe plane 
of motion is 90˙, and its ſine = 1 =5: moreover, in HADLEY'S 
inſtrument, the fixed plane of reflection at the unmoved ſpecu- 
Tum is parallel to the plane of motion, and therefore perpendi- 
cular to any fecondary of that plane; its inclination to any ſe= 


condary 


4 
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condary therefore will be go”, and the fine of this inclination 
212 by the problem. And firice p is the ſign of half the 
inclination of the reflectors, the angle of which the coſine 1 18 
1 — 8þ* + 8þ* will be twice the inclination of the reflecting planes, 
which is a property of HADLEY's inſtrument. In the analytical 
value of the coſine of ED, the laſt term is affected by two ſigns ; ; 
theſe depend on the poſition of the ſecondary KP and the in- 
terſection Q in reſpect of the point O. If the ſecondary. KP 
or the index CP be on the ſame fide of O with the interſection 
Q (fig. 2.), the fign of the laſt term is negative: if CP and 
Q be on oppoſite fides of O, the ſign of the laſt term will 
be poſitive; and when DFK =o or 180%, the whole term 
yanuſhes, becaufe in that caſe n=0. Alſo, if m So, n=1, 


I 
2” 
KF=45*: in this caſe, if ag the conſtruction will be that de- 
ſcribed in art. 15. and the coſine of the obſerved angle ED will 
equal x — 255, the other terms vaniſhing : and becauſe 1 — 2þ* is 
the coſine of an arc double to that of which the line = p, it 
follows, that the angle obſerved will be equal to the arc 
deſcribed by the index from o, of which the fine of one 
half is by the problem = p. In every caſe, when 1 e, 
that is, when the fixed plane of reflection at the unmoved ſpe- 
culum coincides with the primitive ſecondary KO (fig. 2. and 
12.), the coſine of ED=1 — 8&p* x 1 = =m* pm. 

23. The fine of ED will be neceffary (art. 25. ) to aſcertain 
the variation of ED from the truth occaſioned by errors in 
the data; to obtain fin. ED let 
15 — +1'n i + p* m —2þ*m"n" + m* I pid. rer * X Vie 
=d: then (art. 21.) from the value of col. ZED we have 
in, ED= 4 5p x * V1 4p, When | s is very ſmall, 
and 


121, Or if 1, the laſt term vamſhes. When m=5= 
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| and "=0, = 1m + m'p* nearly, which gives. 
fin. EDE 45p x VIwtmp nearly. 
24. The coſine of the obſerved angle repreſented by ED 
fig. 2. and 14.) in the conſtruction, being computed from the 
four given quantities p, 6, n, and u, if either of theſe ſhould 
deviate from its true value, the angle deduced will be erroneous: 
and from the general expreſſion for the coſine of ED, an eſti- 
mation of this error will be obtained. In the inveſtigation, 

however, it muſt be obſerved, that although the ſmall incre- 
ments or decrements of arcs or fines are aſſumed proportional to 
the fluxions of theſe quantities, which is ſtrictly true only in 
the naſcent ſtate of the increments or decrements, yet when 
the given variations are in a praQtical ſenſe very ſmall, the 
eſtimation of correſponding variations will be in general ſuffi- 
ciently exact for practical purpoſes. 

25. Small increments and decrements, that 1s, ſmall varia- 
tions, being aſſumed proportional to the fluxions of arcs and 
of their fines and cofines, if the variation of the ſine or co- 
ſine of any given arc be known, the cotemporary variation 
of the arc will be for the moſt part inferred from the following 


Ee: as ſim. rad. :: Co. : are; and as col: : rad. :: 


fin. : arc. But theſe proportions muſt be uſed under 
reſtrictions very neceſſary to be inſerted in this place, be- 
ing true when applied to the intermediate parts of the 
quadrant only and failing at the extremities ; for example, 
at the very beginning of the quadrant, or at the very end 
of the ſemi-circle, the variation of the coſine is the verſed fine 
of the arcs increment or r decrement, which gives the proportion 


as fin. : 2 x rad. :: —col. : arc, being wholly different from the 
former: mn hke manner, at the very extremity of the qua- 
drant, 


of the Angle fubtended by Two Objeftt, &c. Ig 
rant, the increment of the fine becomes the verſed fine 
of the arcs laſt increment, which gives this 1 a8 


coſ.: 2 x rad. :: 7 arc. And fince 1 in this caſe arc = cofi ine, 


we fhall have;arc «0s 2» Ea. radius being = 1. In the other 
parts of the quadrant which are not very near its extremity, 


— — 


1c =; having grven, therefore, the variation of the fine 
or coſine of any arc, the fine or cofine being known, the . 
cotemporary variation of the arc itſelf may be obtained; when 
it 15 either at the very extremities of the quadrant, or at 
ſome diſtance from thoſe extremities. The difficulty les in 
aſcertainin 8 in what part of the quadrant the value of the 


1 — 


arc === =—— begin to fail, and the value expreſſed by 


arc = os: x fin. or — Vu x col. to take place. This leads to 
a general propoſition comprehending both theſe values for the 
arc's variation, extended to every part of the quadrant. 

The propoſition is this: the difference of the coſines is to 
the chord of the difference of any two arcs, as the ſine of an 
arithmetical mean between them to radius; and the difference of 
the ſines is to the chord of the difference, as the coſine of the 
fame arithmetical mean to radius. Let AB, AF (fig. 1 5.) be 
the given arcs; BF their difference; BL, FH, the fines ; CL, 
CH, the coſines of the arcs AB, AF, reſpectively; join CA, CB, 
CF, and FB; FB will be the chord of the difference of the arcs 
AF, AB. Through B draw BG parallel to CA; then HL =BG 
will be the difference of the cofines, and FG the difference of 
the fines. Biſect FB in D, ſo ſhall DA be an arithmetical mean 
between the arcs FA, BA; join DC, which will interſect FB at 
nght angles in E: through D and E draw DK, EI, perpendicular 


to 


* 


4 . 


8 arithmetical, DA: the ſimilar triangle: CEL.CDK,. * 55 give 


_ 


to CA: DK: will be we 2 and CK. 4 coling.of the mean 


. r 7 17 


the following proportions : : 


HL or GB: FB:: DK : DC, -— * 


GF: FB. CK DC, which 25 the propolo 
to be demonſtrated * * 


Y 2 RW”, — 0 4 " 
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ao When EB (fig.'r5)-is ſo ſmall in compariſon of FA, that FG ſhall be ers- 
neſcent in compariſon of FH, FH and BL will be in the ratio of equality, 
and conſequently the ratio FH: FC equal to the ratio BL : BC, or to the ratio 
DK : DC; for this reaſon, and becauſe it has been proved, that as HL : FB :; 
DK: DC, it follows, that as HL: FB:: FH or BL: BC, that is, as the variation 
of the coſine is to cotemporary variation of the arc, fo is the fine of the varying 
arc to radius; and, for fimilar reaſons, as the variation of the line is to the 
cotemporary variation of the arc, ſo is the coſine to radius. 
It BA be fo diminiſhed that FG ſhall hear a finite proportion to FH, and too 
great to be neglected, BL will not be either to FH or to DK in a ratio of equa- 
lity: conſequently, FH or BL muſt no longer be ſubſtituted for DK: as BA 
becomes leſs, FB being ſtill ſuppoſed evaneſcent, DR approximates to the ſine 
of IFB to which it is ultimately equal when B and F arecoinciding with A (fig. 16.) 
In which caſe the proportion will become as HL or HA: FB or FA :: FA: to 


CA, that is, as the verſed fine of FA is to the are FA fo is half the arc FA to radius, 
or ſo is the arc FA to diameter. 51 


{ 


The propoſitions which have been demonſtrated, comprehend the variation 
of the arc expreſſed in texms of the cotemporary variation of the fine or coſine 
in every part of the quadrant without limitation, it being only allowed to fub- 
ſtitute the arc FB inſtead of its chord, theſe quantities approximating the 
more nearly to equality as FB is ſmaller, and being ultimately equal in their eva- 


neſcent ſtate, Moreover, it will be eaſy from what has preceded to conſtruct a 


plane right-lined triangle, which ſhall be fimilar to the mixtilinear triangle con- 
tained under an arc, its fine and verſed fine when they are diminiſhed ſine limite. 
Let FA (fig. 16.) be any arc, FA the chord, FH the ſine, CH the coſine of the 
arc FA. Biſect FA in D, join CD, and draw the right fine DK : then will the 
plane right-lined triangle KDC continually approximate to fimilarity with the 
mixtilinear triangle FDAH as FA becomes ſmaller, and the two triangles will be 
ultimately fimilar when FA is yaniſhing, 


. , | ; 4 | | , . f By 
| | R 
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From theſe geometrical proportions, having given any arc and 
the variation of its fine or coſine, the cotemporary variation of 
the arc may be eſtimated by computation in general for any 
part of the quadrant. Let the fine of any arc be s, the 

coſine c, the chord of the arc's variation = x, the given varia- 
tion of the coſine d, or the given variation of the fine = 5, 


radius =1 ; then if the coſine of the arc increaſes by the dif- 


ference d, the chord of the cotemporary decreaſe of the arc, or 


— K* 2 Vr 1 2 


and if the ſine of the given arc increaſes by the 3 6 


* Mac- 26 =\V2C — 2bs — 46", 
which are the mathematically true values of the chord FB, 
and will approximate to the magnitude of the arc FB as that 
arc 15 continually diminiſhed. The following expreſſions for 
the chord of the variation x are more compendious, and will 


be ſufficiently near the truth when FB is very ſmall. 


1 1 2 
1 : 
0 6 26 
& = = — Pn. 9 
+ 5 3 5 


In theſe four expreſſions it muſt be obſerved, that the ſine and 
coſine are ſuppoſed to vary by increaſe : ſhould the variation 
be a decrement, the ſign of x and of 6b or d mult be changed. 

26. Let the quantities p, 5s, m, u, vary by ſmall in- 
crements 2 s, m, u, reſpectively, then to obtain the cotempo- 
rary variation of coſ. ED, becauſe (art. 21.) 

Coſ. ED 1-8 K 1 - mn L. N | 


m*n*5* p = 2M ap V „Ji 1 
by taking the fluxion of the equation we have 
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27, This value of. cot. ED ; 18 expreſſed in terms of the va- 
riation of the ſines of the given quantities: : if it be neceſſary 


to expreſs col. ED in terms of the variation of the arcs them- 
ſelves, it muſt firſt be conſidered to what part of the quadrant 
they belong : for example, if 5 be a {ine of an arc 6 not very 
near the extremity of the quadrant, and the variation be s, the 


* 


e variation of the arc þ will be 7 — but if the 


13 


i <— Pg = 


variable arc be nearly = go", and becomes exactly equal to it 


] 
1 
: 

| 
| i 
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ultimately having varied by a ſmall arc 6 of which the verſed 


ſine=wv; then will -5=the verſed fine of 5 and - 2V. 
Laſtly, if the variable angle approximates to 90?, but 1s not 


ad 9 
— 8 . 
oy Py ww - 
9 


equal to 1t, and the variation of its fine ſhould be , the co- 
temporary variation of the arc muſt be obtained from the 
general theorem in art 25. When either of the two lat- 
ter caſes happen, the variation of the arc muſt be- 
determined for each particular caſe ;' but it will be neceſſary 
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to give a general expreſſion for col. ED in terms of the varia- 
tions of the given arcs, of which gp, s, m, u, are the reſpective 
fines when theſe arcs are at ſome diſtance from go? ; this is 
contained in the next article. 


7 28. Let 
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of the Angle Abreu by Frod OF, & 423 
29. Let the angle QKF =2(fig. 14; — the arc 
DF c, and the angle DFK A; their reſpective innerements 


being a, b, c, and d, theit fines P. f, m, and 3, and the co- 


temporary increments of their ſines P, Ss, m, and : from the 


proportion contained | in art. 24. we ſhall have p=a x VT 12 7 * 
=bxV1-s „ mM N=, and n=d x Vi = , which 


being ſubſtituted in the value of col. SED laſt found will * 


Col. LL 161 - — * T* + 2m*p* -A xp? + 2 
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This quantity (art. 23. 20 being divided by the ſine of the ob 
ſerved ad the variation of that or ED will be the 


quotient. 
29. In ihe expreſion for col. ED 1 in * 26. the 


variations P. 4, m, and 3, are arbitrary, as are a, 5, cz. and d, 
in the laſt article. If a condition be annexed to the variation 
of any of them, two or more may become dependant on each 
other; and their relation muſt be determined by the nature of 
the caſe. Moreover, if one or more of the given arcs and 
their ſines ſhould be correct, the variations correſponding and 
all the terms multiplied into them will, vaniſh. To give an 
example of the uſe of theſe expreſſions before they are applied 


to the immediate purpoſe of examining the new conſtructions 
K k k 2 deſcribed 


86 
„* - 


41 Mis avwand's: Theory ſir the\Menfuration\s, 
1 art. 15. and 16. let it be required to align pupft frrpr ; 
zs occafioned. in obſervin ga given angle with a HADLEY's ſectant, 
in which the teleſcope is parallel to the plane of mation, but 
the two reflectors deviate from their perpendicular to that plane 


by a ſmall angle 6. Suppoſe the error of half the arc pointed” 
to by the index to be a, and conſequently the: error of the ſine 


of half that * arc * VI ß: in this caſe, becauſe the 
inclination of the reflectors to the plane of motion is nearly 
S goꝰ, the variation of the ſine will be equal to the verſed d fine of 


the ſmall arc. G, by which the inclination deviates from-go*; let 


3K — —B — 


v be the verſed fine of b, then. wilt «50 (s varying by a de- 


—— —— wi. co 


erement of v). Moreover, becauſe a condition is annexed, which 
is, that the line of obſervation. 1 is parallel to the plane of mo- 


tion, the variations 7, n, and 3, will be dependent on each 


other. Fo inveſtigate their relation let FO = (fig..7.). be the 
ſmall arc which-meafures the deviation of the reflectors from 


— } 4 


the perpendicular to the plane of motion : then, becauſt Tin. 
On, and fin. DOF'=n= 1 by the problem, when F from 
having been coincident with O has moved through the arc OF, 


it is plain, that n = fin. DFO — fin; DOF = (1 being a deere 


nient); but, by the + properties of ſpherics, coſ. DFQ =: | 


| e DE 2 * ma . and Fo deing very mall, the 


p here, as in the general ſolution, Jengitn the fine of half” the arc to which 
the index on the plane of motion is directed, that is, p = the fine of 'one-fourtli 
of the angle obſerved in Mr. HADLE 's conſtruction. | 


— ww ͤ„ 


+ Fig. 7. as rad: : —_ DF r tang, FO + cofi DFO, that is, EO being very 
ſmall, and therefore FO =2 x verſed fine of FO, as rad. : cotang. DF :: : V2v: col, 


DFO : - the pov fin. DF m, and coſ. DF e , wherefore cot. DF 
v 
2 "Mm 


SM 3:1 


fine 
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fil F BHD 21 * from which = fn. DO being f fub- 
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Moreover , TOES in the naſcent ſtate of 1-4 and 


+ Hoi, 


Hes. = Making therefore f in the 
* 1 — * 


peril beben e contained 1 in art. 26. ES =, OY 


I —x 


4 — 
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2 H, =þ, and J= = == — I, we ſhall have | 


Cork D=-16pax Tp + 1660 x x —2 d V 1-mX Nip 
4416pS0K 1-p*= —m N K V === - 16pa x pa x Y 1=p "212% —2þ* + 


— 


16 P * 2 — - 3þ* — * + 2m mD = — m* 1 * 71 . and 
becauſe the ſine of the obſerved angle is 4% * WISE 1 K 1 255 , 
the error of the obſervation Hel, that is, 
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ED 
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tn this example the poſition of the teleſcope: has bees fup- 
poſed exactly in the plane of motion; ſheuld it” be in- 
clined, to that plane at a fmall angle, of which the verſed 
ſine v, the poſition of the reflectors and the arc Pointed to 


by the index being correct, the general value of LE will 


an 17 
give the error of the den. or ED= gt „ 
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wherefore ——; = — , when 7 and n are nearly = 
1—* 1=—-m — 


When the pofition of the teleſcope only is ertoncon?, the le P and 6 
coincide 
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30. To Mamine in what degree an obſe rata take by the 
new conſtruction deſcribed in art. 15. is affected by known 
errors in the giveii quantities; let the reflectors B an C deviate 
by excefs from their true angle of inclination to the plane of mo- 
tion by a ſmall angle +5: let the angle of mcidence on the 
fixed ſpeculum be too great by the increment c: let the fixed 
— of reflection deviate from the ſecondary KO with which 

it ſhould coincide by a ſmall angle 4; and laſtly, let the error 
of the arc pointed to by the index be = 2 a; then theſe variations 


are arbitrary, no condition being annexed:-. Moreover, by the 


| — -_w_ 
conſtruction „ and n 1 o, which values being ſub- 


ſtituted in the e eee contained in art. 28. we 
ſhall have. 82 e 

CEB 4a * l 1 4 7 =P Teeth ATT; ; 
and becauſe the fine of the angle meaſured 25 x A . ; 
the error of the obſervation required, or. _ : 


coincide (fig. 7.) let the inclination of the telefcope to the plane of motion with 


which it ſhould coincide, be meaſured by the ſmall are Dd; then the correſponding 
yariation of the angle DOK wall be DOg. Let Dd= e, and its verſed fine = = g3 


fince the fine of DO gn, and the fine of DOK =1 =» by the problem, 1 = the 
22 
U 


verſed fine of DO; but DO , and the verſed: fine of DO = —=—;1 


2M ni 


gp — an” 


Whilcfre n==> = This being premiſed, it appears from art. 26. when ; p. end ; 55 


. 8 7 
are =O, that ca EB Eee F * —n T2 i * 1-92 D 
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+ 16 p*mm x — *+2p * —f pf nf = n * XV/1 —s — = 


in which quantity, fabſtirming 1 for 2, 1 for u, and > = for / we ſhall have 


To. ED=+ 16p*0x1 —þ?, which being divided by the fine of the obſerved 


| angle = 4 xV 1 = X 1— 707 Abe quotient will be the variation of that angle or ED= | 


Vi 
1—2þ* 


ED= 


Do, becaule 8=s=1. 


of the Angle jubtenged by Tus Object, &e. 


art 1 ED 24 + 255 * Vi F 2þe * V P d. 

It appears from the firſt term 24, that an error in the arc 
pointed to by the index, cauſes an equal error in the obſerved 
angle ; whereas a double error is cauſed by it in HApbLEv's 
ſextaat, which gives the new conſtruction conſiderable advan- 
tages: to counter- balance theſe the errors in HADLEY's conſtrue- 
tion, cauſed by a wrong poiition of the reflecting planes, &c. are 
almoſt evaneſcent ; whereas the three laſt terms in the value of 
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ED Juſt found, may become connderable, unleſs great care be 
taken in making the adjuſtments : the ſeparation alſo of the 
images, when in contact, cauſed by any unſteadineſs of the in- 
ftrument will be greater than in Mr. HADLEx's conſtruction *; 
but 


* The variation of the obſerved angle ED will ſhew how much the images ſeen 
in contact in the field of the teleſcope will appear to divaricate on any motion of 
the entire conſtruction. For example, while the images of the obſerved objects 
are coincident in the field of the teleſcope, ſuppoſe that Mr. navpLey's inftrument 
were turned round in its own plane through a ſmall angle: here s, 1, and p, not 


being affected by this motion, it follows, that s, u, and þ = o, the fine of the 
angle of incidence on the fixed ſpeculum, being the only quantity which ſuffers 


alteration : let its variation = mm, which will give from art. 26, the correſponding 


variation in the coſine of the obſerved angle, or 


Col. ED= + 16 m x 1=1*=þ* 2 N = X/ 1-5 X v 1p? 
Wherefore any motion of the images in the plane of 
the inſtrument will not cauſe the leaſt ſeparation of them. Now ſuppoſe the whole 
to be turned on an axis ſituated in the plane of motion, and perpendicular to the 
teleſogpe”s axis : if the angular motion Le meaſured by an arc of which the verſed 


4 * Vr — 95 G 
12 272 | 
p being the fine of one quarter of the angle obſerved; but the quantity v being 
very ſmall, when the angular motion does not exxceed 30“, the divarication of the 
mages will be inconfiderable. All oblique motions of the teleſcope's axis, and 


conſequent!y of the image ſeen by direct rays, may be reſolved into thoſe that 
have 


line =v, the points in contact will be ſeparated through an angle = 
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but in meaſuring the ſmaller angles, this ſeparation of the 
images, as well as the errors expreſſed by the three laſt terms 
will be greatly diminiſhed while that which is denoted by 24 con- 
tained in the firſt term is not increaſed. On the whole, from 
the properties which have been demonſtrated to belong to this 
conſtruction deſcribed in art. 1 5. it may ſeem worthy of atten- 
tion in practice, for ſome aſtronomical as well as other uſes. 

31. By the ſame way of examination it may be judged, whether 
the method of obſerving by two reflections from plane ſurfaces be 
applicable to the menſuration of ſmall angles, according to the 
conſtruction deſcribed in art. 16. Let the errors of the four given 
quantities (as in the laſt article) be 24 the error of the arc 


have been conſidered, which are perpendicular to each . and from hence the 
reaſon appears, why the motion of a ſhip at ſea does not much diſturb the obſer- 
vation of angles by Mr. uaDLEY's inſtrument. 

The new conſtruction deſcribed in art. 15. is not ſo well adapted for obſervation | 
where it cannot be ſteadily fixed. When the images are in contact, if the inftru- 
ment be turned in its own plane through a ſmall angle “ the ſeparation of the 
images will be = 22'p* (becauſe & e, vid. p. 426.) p fignifying the fine 
of half the obſerved angle : this it is evident will moſt affect the obſervation of 
the larger angles; but iu meaſuring thoſe that are ſmall, the divarieation will be- 
come inconfiderable. Moreover, if the angular motion of the inſtrument be 2” 
when it turns round an axis in the plane of motion, and perpendicular to the 500 


ſcope's axis, the ſeparation of the images will be g 20 PN 1, p. 426. which 
It is plain will moſt diſturb the obſervations of angles about 90%, but will ſcarcely alter 
the contact of the images, when the angles meaſured are very ſmall, or near 160”, 

The objects obſerved and their images are here underſtood to be phyſical 
points: thus, when the two images of the ſun are ſeen by dire& and reflected 
rays, and the limbs appear preciſely in contact, if by any motion of the inſtru- 
ment the contact is diſturbed, the points which before touched, being the obſerved 
objects, are ſaid to be ſeparated, whether the centres of the ſolar images approach 
or recede from each other, the ſeparation being eſtimated in the direction of 
an arc which paſſes through the centers of the two ſolar images. 

Experience muſt determine in what degree this ſeparation of the images will 
diſturb obſervations taken at ſea with the new conſtruction, | 
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pointed to by the index; d= the error of — the. 
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reſlectors to he plane of motion ; ce the errur in the angleof inci- 


dence on the fixed ſpecufum; and d the inelination of the fixed 
plane of reflection to the primitive gory 449.4 with which It 


a 43-0 


ſhould COINCI le. "Referring to the general value of co E ED, 
(art. 28. 4 nd making 1 86 we ſhall have 4 88 
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The firſt term of this expreſſion gives the e be- 
tween any ſmall variation in the arc pointed to by the index, 
and the correſponding alteration in the angle obſerved; if 
therefore the variation on the divided arc be any ſmall angle 


+ 24, + or - the firſt term will expreſs the variation by which 
the obſerved angle is increaſed or diminiſned. According to the 
magnitude of m and s aſſumed for this conſtruction n being the 
ſine of 7, and £= the fine of 100, it appears, that at the very 
beginning of the ſcale one ſecond of a degree in the angle ob- 
ſerved correſponds to ſomewhat leſs than three minutes on. the 


divided arc OP; that is, when 25 = about 173”, ED= 1 


c, b, and d, not being here conſidered. When p =I, the in- 
dex then pointing to 60*, one ſecond in the obſeryed angle cor- 
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niſhed, as to be in a phyſical ſenſe evaneſcent. 


i; , » 
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' aw ne Te for ——— 
reſponds to about 1990 in the divided ate OP : when p is nearly 


= +; the index being then directed to almoſt i 80*, it muſt deſeribe 
above 2 degrees to make an alteration of 1 in the obſerved angle. 
The ſecond term expreſſes the variation in the obſervation oc- 
caſioned by an error b in adjuſting the inclination of the re- 
flecting planes to the plane of motion; but 5 (art. 18.) cannot 
exceed A of the leaſt angle viſible in the teleſcope, conſe- 


quently the utmoſt value of the ſecond term cannot be ſo great 


as that leaft angle, being at its limit when Pp =I: it is mani- 
teſt when þ is ſmall, that the ſecond term is ſo 'much dimi- 
The fame may 
be ſaid of the fourth term, containing the error of the optical 
— d, which beſides is multiplied into 5 the fine 
of 10'. The third term is occaſioned by the error c, for 


which, conſiderable latitude muſt be allowed, ſuppoſe 3“: 


to eſtimate the effect of this error on the obſervation, 
Jet a cafe be aſſumed: let the index be directed to go" 
when an obſervation is taken for ng the angle ſub- 


tended between two objects: : then will = — by ſubſti- 


2 


turing — — = for P, the fine of - for m, the fine of 100 for 5, 


and 1800 for c in the third term, we ſhall have, by com- 
putation, the value of that term, or the error in the obſer- 
vation occaſioned by this en of the angle of inci- 
dence from its true magnitude . oo not the tenth part 
of a ſecond. This is rather an unfavourable caſe, * variation 


being not much leſs than at its maximum when 9 : if p15 


imall, or nearly =, the * variation will be wholly inſenſible. 
32. 


The variation is a mazimum when p= the fine of 35 12'; and conſequently 


e pointed to by the index = ad 24. Subſtituting ſas the ſine of 35 12 
| » for. 


t 
1 
3 


ly 
be 


of the Arg hu. 5 Two che, c. 


32. From kdntemplateng the value of the ettor ED, 
5 expreſſed by the four terms juſt referred to, ſome further ob- 


ſervations are ſuggeſted. It appears, that ſetting aſide the error: 


of the ſcale expreſſed by the firſt term (the angles meaſured be- 
ing here ſuppoſed leſs than 22 36“ 33) all the others become 
ſmaller as the quantity p, and confequently the angle meaſured 
is diminiſhed, p being multiplied into each of the three laſt 
terms. This is a material circumſtance : for the fame given error 
would affect the menſuration of the ſmaller angles in a greater 


mates to that quantity, the index then pointing to an angle 
nearly = to 180%, the firſt term and the two laſt terms become 
almoſt evaneſcent, not only from the circumſtances that have 


3 


been conſidered, but from the quantities 1, VIP, which 


himſelf of: for ſuppoſing he ſhould know, that the angle of in- 
cidence on the fixed ſpeculum, and the fixed plane of reflection, 
are imperfectly adjuſted, and even that the divided arc is incor- 
rect, he may almoſt wholly avoid the errors which they would 


occaſion, by fo adjuſting the inclination of the reflectors 


to the plane of motion, in reſpect of the angle meaſured, that 


for p in the third term, (p. 429.) every thing elſe remaining, the maximum of 
variation in the obſerved angle on account of z“ difference in the angle of inci- 


dence on the fixed ſpeculum will appear to be = "",098. 
The error of an obſervation occaſioned by a variation c in wo angle of inci- 


dence on the fixed ſpeculum, can never exceed the r part of c, which is the 
maximum of error, the angle meaſured being = 22' 56 33”, the index 


then pointing to 50? 24', The error, cauſed by a ſmall angle d, at which 
the fixed plane of reflection is inclined to the primitive ſecondary with which 1t 


mould coincide, cannot exceed the +3555 part of a, which is its maximum 
when the angle meaſured is 32 3 3'3 3% the index then being directed to 109" 200. 


1.118 the 


* 


proportion than the larger. Moreover, if p=1, or approxi- 


ire multiplied into them. This alſo the obſerver may avail 


f 


i "MF. bb 8 J e A 
the index- ſhall point to ſome degree near to 180˙, which is 
n 
fourth of the angle to be obſerved. 

33. The tables 1. and 11. are ea for 1 the 
diameters of the ſun and planets: the conſtruction bein g formed 
on the principles which have been explained (art. 16. 17. 18. 
31. 32. fig. 12. 13.) The fixed plane of reflection is coinci- 
dent with the primitive ſecondary, and conſequently n=0: 
the common inclination of the reflectors to the plane of mo- 
tion = 100; and the conſtant angle of incidence on the fixed 


Feeulum ="7". 
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The divarication of the images. while they traverſe the field 
an teleſcope during the time of an obſervation, and the 


4 


phyſical ſenſe evaneſcent, by altering the values of s and m 
(art. 31.) : for this purpoſe it will be requiſite to uſe two ſe- 
parate conſtructions ; the one for obſerving very ſmall angles, 
thoſe, for example, which do not exceed 2“: and the other, 
for meaſuring ſuch angles as are ſubtended by the fun and moon. 
In the former of theſe 5 may be aſſumed = the ſine of 3 2 
m = fin. 7, and n = o. From theſe data tab. 111. is calcu- 
lated. In the other conſtruction, becauſe very ſmall reflecting 
ſurfaces are neceſſary to obſerve the fun by two reflections (art. 
17.) m may be aſſumed = fin. 1*, s being = fin. 10', and 
z = ©: from which conditions the fourth table is calculated. 

Theſe tables may be eaſily extended, by calculating from the 


value of coſ. ED or fin. 4ED* contained in art. 21. or 22. 


Let the teleſcope with the entire conſtruction be ſteadily fixed: then if the 
objects obſerved be in contact while the touching points occupy the center of the 
field, the angle of incidence on the fixed ſpeculum will be of its true magnitude; 
that is, its fine or m will = fin. 7“ in tables I. II. and III.; and mz = fin. 1? in 
table IV. The fixed plane of reflection alſo will be coincident with the primitive 
| ſecondary in all the conſtructions correſponding to tables I. II. III. and IV. The 
teleſcope continuing unmoved, the diurnal motion of the heavens will cauſe the 
points in contact to leave the center of the field; this will occaſion no alteration in 


the quantities s and p, but will affect m and z only: therefore, s and 7 = = & bs 
eſtimate the effects of this change in the values of m and u, let m=exVi-m . 


and n g V, as in art. 28. and ſuppoſe a line to be drawn through the centre 
of the field in a plane, perpendicular to the plane of motion : this line will be in the 
fixed plane of reflection ; and any deviation of the points in contact through a 


imall angular ſpace c, from the center of the field will cauſe an equal variation c in 


thee 
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errors of the obſerved angle in conſequence of any change in 
the quantities m and = (p. 429) ſhould they appear to be of 
ſenſible magnitude, may be diminiſhed until they are in 
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the. ade of incidence on ihe fied" Selam, ths eeepc 1 
n * 
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pion 


(p. 429: 4 W is te greed 


ed. 
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_ fine of 3 35 „ lift = a 7% 
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. 0, as in fas I. and 17) being _ but if lu: 367, in 
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tad. III. the greateſt ſeparation will be * 22 


a eorreſ ponding to leſs than « ones 


third of a degree for the images motion through 10' in the field of the teleſcope, 

In like manner let a line be drawn th rough the center of the field perpendicular to the 

line before deſcribed ; any deviation of the points iu contact through a ſmall angle 
bo 


| 5 in the direction of this line will cauſe the plane of reflection at the fixed ſpeculum 
to * inclined to the n ſecondary with which it ſhould coincide at an angle = 


2 15 Xð 1:3 


| * 1— 2 T= 


23 


this will occaſion a * of cheyimages = 


(page 429. — being there ſubſtituted for 4) which is the gteateſt poſſible when 


l 2 
— 5 2 3 . If m= fin. and 5= fin, to“; as in tab. I. and II. 


o - 


4 
11 b = — c _ 
the greateſt ſeparation of ho will be &— = 25 : but if S ſin, 300 


and m ſin. 75, as in tab. III. it will only It — which anſwers to 
- divarication of leſs than 1“ for the images motion through 10 in the field 
of the teleſcope, in the direction of the line above deſcribed, which is drawn 
through the center of the field, and perpendicular to the fixed plane of reflection. 
It muſt be remembered, that the ſeparations of the images here eſtimated ars 
greater than can poſſibly happen in theſe conſtructions, when the index is 
directed to any other points of the circumference of the plane of motion (the 


diſtance of the images from the center the field not exceeding 10') and are, 
even in this caſe, phyſically ſpeaking, evaneſcent, 
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Als ſpecies of fiſh ae uf not to have VER 8 to 
the ancients, though probably they confounded it with 
ie on which it bears ſome reſemblance. - Perhaps. the 
TH early Greck and Latin writers on natural hiſtory have men- 
11 tioned it under the name of Tragus, or Callarias; but for want 
of deſcriptions, they left us much in the dark concerning it. 
PLINY indeed ſpeaks of a fiſh which appears to be of this ſpe- 
cies : he calls it Opbidian a, and as that is. the name given to it 
by all the modern writers, we axe 2 to accept his {yno- 
amy without further mquiry. | 
The firſt author to whom we are indebted for a deſcription 
and figure of the Ophidium is BELLONIUS ; yet it appears, that 
he was not certain of the name of this fiſh, ſince he calls it 
'-Gryllus, falſo congrus, tragus, aſelli ſpecies: nor was he leſs 
doubtful of the claſs to which he ſhould refer it, and there- 
fore placed it among the Afelli;. or Gadi, though very dif- 
ferent from the | ſpecies of. that family. RONDELETIUS, Who 
wrote ſoon after BELEoN1Us,” Has given us a better deſcription, 
and a more accurate, fi gure of this fiſh, which he calls Ophidion, 


* Ophidion or Ophidium, though the beſt is Ophidium, i is not a ou 4 


name, ſince it is a diminuive from Opiz. | — 


— feof; &c. | 
with- a reference to vlAxx. In the* figure of ]zrLoN1S the 
Grri;gre very ill repreſented, and the whole fiſh, appears with- 


out any ſpots, whereas in the plate of xonDgLETIVUS it is 
covered with oblong ſpots. This remarkable difference bs: 
tween the figures of theſe authors was ſufficient to determine 
GESNERUS, and others who have written ſince their time, and 
who are to be conſidered rather as compilers than authors, to. 
take the fiſh deſcribed, by BELLoNivs to be a different ſpecies 
from that of RONDELETIUS. | 5 
WILLOUGHBY, who is the firſt ichthyologiſt who has given us 
any good deſcription of fiſh, treats largely of the Ophidium; and 
in his account deſcribes the ſcales, which are, as we ſhall here- 
after explain, oblong, diſtin&, and diſpoſed without any regular 
order. This deſcription was ſufficient to aſcertain, that the 
difference between the figures aroſe from ronDELETIUs hav- 
mg drawn the ſcales omitted by BELLoN1vs : yet the authors 
who wrote immediately. after WILLOUGHBY, and particularly 
RAY in his Synopſis, follow GESNERUs, in maintaining two 
different ſpecies of cirrata Ophidia, one with, the other with- 
out, ſpots. 

ARTEDI did not take notice of the ſpots; he 3 the 
fiſh in a genus to which he gives the name of Ophidian, and 
places that genus among the Malacopterygii. After him KLERI- 
NIUS once more took notice of the ſpots ; but at the ſame. 
time introduced another confuſion concerning this fiſh, ariſing 
from RONDELETIUS having ſaid, that it has two cirri, while 
 WILLOUGHBY aſſerts it has four; but it is eaſy to reconcile 
theſe authors, for though the Ophidium has only two cirri, yet 
each of theſe being divided in two, they appear as four; fo 
that WILLoUGHBY might juſtly ſay, that it is quadri- cirratus. 
The ſame author places the Opbidium in a genus which he calls 

Vol. LXXI. Mm m Enchelyopus, 


OT > COMO. 


i Dr. SOBRE Wet bf 
E heaps, dich 18 lüdeeg not 4 good. femity, gn ir 6s 
| pn S rhe "genera of Cn, Anarrhicbas, ple, n 
bin, Ke. nnn ion 7187 0 'thi EJ cs) Sid 1 
* ER in his defer ription & the O/ pD1diai bor eben, favs, 
chat its whole body 1 is covered with \ oblong ſp ts, without fy 
regular direction. Dr. GOUAN, 1 in his defetip tion” of” the gens 
of the Of bidium, does not mention the a per Fires the 
ſp ots as a generic charactef. The lalt aut or W. 5 has tref- 
ones theſe ſpots, and given a deſcription of this kth, 1⁸ Mr. 
BRUNNICUE | in his Tehthyologia Mz: a len. 1 0 
Having: adduced the various opinions of the writers bf — — 
di um, and endeavoured to reconcile their ſentiments, We now p 
ceed to give the deſcription of this fiſh, which is ſo very — 
for its Fngularities. The genus of Ophidium has the following 
Principal characters, viz. the body long; the fins of the ba 
tail, and anus, confounded in one; no fin on the under bett ür 
the body; ; and the eyes covered by the common kin. Thiere 
ate beſides many other characters Which it is needleſs to obſerve 
here, ſince I intend not to deſcribe all the ſpecies of the gents. 
but only to mention them. The firſt ſpecies (which 7 is the 
fpecies of which we are treating) 1 1 diſtinguiſhed by its cirri. 
The fecond differs from the former not only by the abſence of 
the cirri, but alſo by many other marks. AAT EDT, in his. 
account of this ſpecies, has adopted the ſynonymy of semoNr- 
VELDE, who deſcribes a fiſh under the name of Ophidion im- 
berbe Jlavum ; but this fiſh, which is the Blennins" gunnellus 
LINN." 18 certainly very different from the Opbidihn imberbe, 
LINN. the rays of its dorſal fin being prickly; which circum- 
ſtance perhaps induced LIN N to plaee the. Opbidium among 
the Aranthopterygii in the firſt editions of his Syſtema, in which 
he followed the eaten of, "ARTEDI, "Perhaps, for the 


e 2 * 


fame 


ſame. reaſon, that APP has placed among the Fugularer in his 
Fauna Sugciea the. 1 ce of which we are now. ſpeak ak; Ng. 
This fiſh. is alſo very different from the Sea faq deſcri 157 
WILELOUGHBX aand .P&LIVER,, Which is the _Cyclopterus 225 
LINN, though the. ſynqnymy: of, PETIVER e b been Aer 
by Sg Nοναν aß being the Opbidium imberks . 5 

LI NN, in A tenth edition c of his Syſtema, een a "third 
ſpecies of Opt hidium, which be calls.  Macrophthalmum ; but 


afterwargp diſcoręred that this ſpecies belonged to the genus 


of _ It is another Rare of this genus which oH 


> of, Which G GRONOY1US made 2 a new Senus, afl igning 1 to it 
the name of Ma aftacembelys, - whi ch. comes near tothe genus « of 


14 we 


Ophidium, Though Jam perſuaded it conſtitutes. Aa) different 


one by the preſence. of the aculei on the back. I mall now 


progeed to ging a deſcription, of that, lpecies. of which 1 am 
particularly treating, which, I I have written in leur for the 
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CAPUT compreſſum, — end cute communi 

1 laxe tectum. 

8 ten 

3 6 * inferices/ paulo * 
gor. 101 . 1 


The fiſt mentioned by W. renn Avr, in the Britiſh „ 26 tom, II. 
append. p. 346, and engraved in the tab. 93. nnn. che name of Ophidium 
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iy keen ene tenuia. rgnol” 8 Fs) d 
"kit 4 Dentet in utriuſqque axiſhe märgine; i aream an. 
er u guſtam antice latiuſcmlarn diſpoſiti; mimuti, acuti, 
_ © *confertt, anteriores nen majoregilq 
151d 11 ode: fubobtaſa, glabra. glabra q OE EE 
Palatum medio glabrum, atitice: areia i tribus denticu- 
, | on gin lorum cxaſperatum, quirim dus kaserales Yincares, 
71 intermedia ſubtriangularis tt her” Ain 
Fauces ſuperne fer gs ares forgitatinalibus 
denticuloram.. 250 2109 9 75 111489 M 
2 Narium foramina atrinque bla :ante? oculos pdiita, 
diſtantia; foramine anteriore mmore} poſtemore nudo. 
© Oculs ſupremi, vicini, maghi; cute comimiuiſl teftbe! iris 
20 « argentea; pupils luteſcens. © 4 * 2 2 
Wa oa Owens: branchiarum ies rotunUata 
polyphylla, mollia-. Folq in T doider ae ον. Iznon 
5 wut — ur comma co 000g 4 
% fubæqualibus. 129 uod! 16 mit to 5 0e: 
hy an Tx -quaterne@;;3-'tres\interiores parte concava "RD 
1-7 Tun, tubetcula, aſpera;iſeparata, : in duas ſeries diſ- 
peo ſita; quarta cæteris longior, latere interno gerit 


* 
- 


"tre" of! * | 


b: 5 tubercula an externo radios uno latete Levicer”: 
e151! ſerratos. A Pb sig ef act Tit AA 
10 n duo ai Mmaxillæ — zes 
Dt Lacinia altera longiore. eesti, [HOT Tad 


Tuberculun ſubacutum, ſeu apophyſis aſſea tecta, re- 

Al Adu cumbeng,. ante oculos in fronte poſi ta. 

CORPUS, Compreſſum, verſus caudam attenuatum. 15876 21 

1441 29) Linea lateralis ſuprema, laevis, dorſo parallela, vitta 

We |, Argentea ſubtus ornata. [12.4537 FALL 333th 4 
n Squame obovatæ, tectæ, W ſeparate. Sun 44 
f Pinna 
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N dorſalit longa o hall ee 
1 caudal continuar, baſi fordide albeſcehs, mar- 
e ine nigra e punctis plurimis nigris N fings 
* plices, flexiles, molles-. nn. 13 $ £3044 es. 
Pim - pettorales obowatee, .' bid, \membran 
uoirnob pundtis minutiffimis wrorata, + 
251201 Piu unn tcaudals; mnata, * bali baue margine 
nigra, radiis ſimplieibus 1964s 
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| ene apice obtuſa : 
= Color capitis et corporis caneoargntows. 
tha. 20K 20 892 3 e SU: * — 8 PI apes 
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| R. $2) P. 2. D. 2.3. 4 5. 6. Zi 4. 5. 6. 
\Reffore I proceed, I think it neceffury to explaim the propor- 
tional meaſures which I employed in the foregoing deſcription; 
an eohfidered/the meafurement of fiſhes" as neerſſary to. 
render the deſcription of them perfect; and therefore in the 
ſpeeies hie he deſeribed moſt cumpletely, we ſind, he did not 
fail fo expreſs; with the greateſtiaccuracy; the diſtances between: 
the; ſeyerak: parts. He has been followed in this by the beſt 
authors Who have written upon ſiſhes, as 'GroNOVIUs and 
PALLAS. The like practice has been followed by ſome writers. 
in deſeribiug animals of other elaſſes ; and particularly by Mr. 
DAUBENTON, who has, with extraordinary exactneſs, expreſſed 
theo meaſurements of quradrupeds. The uſe of this meaſure- 
ment, however, caſi only aſtertain that ſuch or ſuetr individual: 
is larger or leis than another · deſcribed by an authot: fot it i 
impoſſible by ſuch means to dstermine a ſpecies, and therefore 


a ſingle meaſurement, taken from the head ta the: tail, or in 
N 25 


®. Pinna mihi audit TER cujus bafis longitudine eiccdit aud >" 
hy ſhort: 


nm De an, watia Hat e 
Het gon ap) ce, part de anther. avid, anſoreh the lame 
Frpeſes but if vo take dhe ters, af the, meaſure, and 
con are | them one with another, or all. f them to a Angle 
obe, a method f may be deduced for determining g:the ſpecies, and 
deſeribing each with euch, e ke, Werbe 
I uſed. n 
_ There 1 19 2O doubt chat fiſhes hay 98 aaa FY ow wihs and that 
all their parts have A eee er — therefore o 


or 2 young ſubject, it vill be always: of the Ly uſe for 

determining the ſpecies. The term to whigh, I, rof x all the. 

reſt, :1s taken from the diſtance between the. — of 0 the 

upper jaw, u and the baſis of the fin of the tail. The extremity 
1 of the upper jaw is the point from Which 1 take, the. diſ- 
N 1 tance to all the other parts. To n with more accuracy 
b the junction c of the fin to the tail, L. incline the fi io. As, te 
form an angle with the tail ; rake. the diſtances with A pair of. 
$ corn paſſes, to avoid the irregulaxities of the ſu rface of the body, 
I Which are infinitely various. When L hav pak the diſtance. 
1 with, the compaſſes, kh make A. reference to a rule, which is 
duided in Engliſh inches, each of chem ſub-diyided in tenths, 
To exemplify my practice in a fiſh of the ſupppſed length of, 
40 lines from the upper jaw to the tail, and from the ſame 
point to the anus of 20 lines, I ſay, that the diſtance from, the; 
head to the tail compared. with the diſtance from the head e 
the anus is in this ſpecies as 40 to 20, which Lexpreſs, 1 in 
this manner: Le. A :: 40 20, W "hh. 4. ; thip. _ 


_ 


* I meaſure the dora and anal fins at their baks, "never i in their gs 
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wh the 


V WOW .; 


dep kl, beth W ae ON many accounts, for inſtance, 
An 'the"qba ntity of 1] pawn, from chat of food in the 
ventricle; "Se: would be uncertain ; befides there are terms 
endug 


_ 


the we ® 1 not go c into the inquiry what wow of the I 
NE AN! fy ſtir the a deferibed way belong to; or Whether 
the ullal fin f. is before or behind the region of the derſak; We 
ther The pets erat are exterided beyond the ventral ; or the tai 
is forked or not; ; and” many other particulars which could not 
be erpreſſed but bye a very long deſcription, tedious both: to the 
writer and render. es 

Te make an application of the phcgattonat lie 
1 Ifvp poſe a fiſh, of a ſpecies deſcribed, to be i in length 40 lines, 


- e petö ww the öffs UP OLE pero fl te ts ct trethity ; "and 
in the like tante Pr es oy ; Zo and tall fins; alt 
; wer Hicaſutes 1 tefet to the common term 40. Adm 5 ütting 
aden che derfuf R is diftant fem the upper jaw as ay; T write 
| + before EE; 2 2. 485 18, which T reduce, if 1 ehuſe fo; 
| Le.: DI:: 20: 

1566 che eee V En h only, and n never in breadth « or 
; 

; 


iotale- by the fituation of the anus and the fins: 
ets the” 


meaſure of the e r. of the eyes, 


00 


— = 


r ee 
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ms FT 
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— 


2 Fr an the Upper jaw to the anus 10: I take a ſpecimen 
„ Which 1 ſuſpect to be of the fame ſpecies, but which I with to 
5 determine with certainty : the length of 1 at is 20 lines ; ; then I 


| ſay 40 1 15 to 10 45 20 18 to another term, which I diſcover by. 
multiplying 20 by 10, and dividing the product by 40, wWhick 
will produce 57 the number of the lines comprehended be- 
7 weren the upper jaw and the anus, if the fiſh be of the ſpecies. 
41 


3 Seen D RON pe 
ing the, ter meals the" oth party) Ut che 
Ay of 1 Te melſures 16 very apparent in che diſting 
of the: Tpecies, of tome genera which are fxgaringli as that. 
 Cyprins, Chips, aud many others, & which'thedptcics/thy 
not be otherwiſe aff]: y diſtinguiſhed. 1 ſhall-inſtance u fpecirs 
r Petia deſcribed i in the Conmentarii 1>-Patropolitenirauder the 
name of Perca brerina, by Me. our br which 
could not have been diſtinguiſhed from the: Hr ca rrrnan but 
by the proportional meaſures; ſince tho Cerata: las the body 
about three times longer than the head, whereas the Acering 
has it but twice as long, though obey 
are almoft indiſtinguiſhable. N T 
To expreſs the poſition of the fins briefly, een all poſ- 
e accuracy, which, however, I think may be very well un · 
derſtood by the deſcribed meaſures, 1: take the diſtatice? from 
the upper Jaw to the baſis of the pectoral fin, and then ſet imo 
- how many equal parts the whole body may be dwided, and to 
theſe parts T'apply the name of regions g I meaſure them to 
che 3 of the middle af the ſin of the tail; aud I 
expreſs the poſition of the fins as follow ; D. 'Þ 4 3. V. 2. 
P. 2. the letters bein g the initials of the ſins, and the numbers 
of the ons, * * . from the eu bude pectoral 
ſin 5. * "of IG „ 
The ſeales of the Ophidium, which Bess diols figured by 
wn rug, but overlooked by" . other n have 


5 
n pardon or jhe Greig; bus X chought it. mould por be imprope in 
this place to obſerve, that the utility of this method of meaſyrement 1 will appear 


not only in diſtinguiſhing: fiſhes, but alſo animals of other claſſes” and particu- 
larly fakes, which cannot be well determined otherwiſe. Bages, I do not 
% ˙ . ˙¹A AE IRE 
7 4 jo ; þ been 


+. 


N iption- — EE 
ths: Opbidium imberbe, which are ſhortly deſcribed by GRONO- 
| vivk Their: poſition, as may be ſeen in the figure, is irre- 
gar: They are diſperſed. over the whole body. Their form 
is ſometimes round, ſometimes nearly oval. They are larger 
near the head, and in the lower part of the body ; ; but are hardly 
to be diſtingwiſhedd near the tail. They adhere to the body by 
means of à particular tranſparent ſkin, which is in general 
very thin but ſomevrhat thicker near the neck, and extended 
Icoſely over the whole head: this ſkin, is very eaſily deſtroyed; 
N aſter which the ſrales falling, the body appears ſpotted (fig. 1.). 
Theſe ſcales are of the ſame fort as thoſe that LR RUwERN HORR 
has deſcribed on the cel, like thoſe I have ſeen on the Auarrbi. 
chas lupus, the Blennius viviparus, and many other fiſhes, which 
are commonly thought to be without ſcales. | When you lock at 
them with the naked eye (fig. 2.) they appear as covered with 
very ſmall grains; but viewed through a microſcope (bg: 3.0 
the middle of them appears more elevated than the margin; and 
from the center to the margin, cloſe by each other, there are 
many lines or rays, formed by ſmall ſcales placed one upon 
another, like tiles upon' a roof, the ſuperior being always the 
nearer to the center. This ſort of ſcales, which may be called 
umbonate, are faſtened to the body by very ſmall veſſels which 
are inſerted in their middle; they are to be ſeen on thee body 
only, not on the head nor the fins. 
I fhall now proceed to the anatomy of this fh; n 
certainly comprehends ſome very remarkable circumſtances, 
which, I believe, have not yet been obſerved in any; other 
ſpecies. When we have draw off the ſkin there appears a thin 
membrane of a filver colour, which © covers the muſcles. The 
Vor. 1 1 Na. muſcles 


ig b 
Ras PTY 3 
———— rar inguiſhed from, 
inteſtiges by any o men ber bn — 
long ; it is extended almoſt to the anus, from whence the. 
inteſtinel duct has, a retrograge: Murſe, Angk then Ind. 
havin einen, e Werben On theyertgbrm? 
cum iS kind, f 
cavity of an Obige, cantainings reddiſh vitapg, Which: 1. 
tale do he the kidnexs; [(c i ov ot of 32 bluodl vals noi: 
\The- firſt vertebra from the head has nathipgyery, ramarkable:t 
ia ies Cure. The ſecond bas on each — 
 ſharpapophorſies.ta; the apex; of which. is aungaed 2 
ment. The third is very flat, amd has on eachx: Ede s, Kt of: 
triangulat aud ſharp apophyſis, $0 which; adberes 2 — 
to che ſecond. The, fourth, is remarkable ig having. 4 hep 
apaphyßa on cach fide,, artigulated with: the body. ef the 
vertebra. and under each. of, ehe is amecher auiculated Eper, 
Phyſis, flattiſh, thick, roundifh, at, ita vt mities, and ferhed 
1 its ba6s (bg. 5.) The, fifth, which. is stan fherert 
to the former, has in its middle likd. procels. 2; The. bath: 
hase in ts middle u, flattifh | clevation.. harp: ncaghs des: 
Between the extremity of the larger, apophyßs oi the, iaurth: 
vertthra, is a bone, ox rather a hard cartilage which hears the: : 
figure of a kidney: (fig. 6.) its conyaxity being tarued-towends- 
the bod of che vertan a its pod en if: parallel ic che bodier n 
the: vertebræ 5 its tion is. Half: S one of its per. 
vin. the loweſt, heing in the cavity of: che framing: bladders: 
w whichiit adberes by a thin menbrance.lo, that: Be air can 
oftape.at bes hab., Ie S covered by membranes. which adheng 
ag to its mille, in in, this part are faſtened the two liga- 


ments 


again, 


e PPE ws — porters; 
eh vH Before) Ah wRIGN ute 6f A greg tenεν,eimi 
the e port ate fe neNaHUð tro Mgabidnts Exch ef ech 
TTT ͤ ͤ V 
tothe bohes f 'the Jownll ant poſtertor part af the end ng 


3. n, VV mont (2195 23 Oo Homis babaoncs ei 2 2 7 


a eins up Parktus 5 75 bin lb ient s the 8f- 
ſwing," NR poſe, by the cavity of the bliddet being made 
latger u leſs by the tixdtions ofthe cartilaginedus bone bes ic 


very>tertiarkdble; iat if theſe parts are neceſſary to eme mfg! 
function, they ſhould not be found in all the ind 

habe ewe, fe which Uhe 'vertebri were hot different frdm 
thewertebrie' bf the other ſpecies: whith- difference depends, 
petBtps,” on the difference of ſex. am inclitied to believe ſo: 
bur the generation in this fifth Teens v6 be gs fels myſterious" 
than that'bf the cel: I. Elf "hover Giftioguifk a male from a 
finale in this fpectes.” Fade Bet Enow-af a other ſpecies! of 
Ophidiim have the ſathe AWB : I cn Abt perceivetit in 


ſore” ſpecimens of 


Maſtacenibelies.©* when mentions' rent 
gone ſtructure, but withbut a particular deſori ption. .- 
This fiſh! evithimorily” rows: to the fize-of eight e 
inches. It is te be found in al the — Sea, and 
in great plenty in the Adriatic. It is talen by nets in Provence 
and Languedoc, tagerher wien many other ſmall ſpecies, which" 
ard not eftcemed; that is, hat they call Rauaillã. It is often 
cofounded with the Cæpola by the fiſhermen, though they have 
difezent naties for esch ſpeeies. In Languedoc the Opbidium is 
called Doizela, and the Cepola, flamma; In Provence tlie for 
mer Has the tame of 'Corruilgits, and the latter that of Rouguollã. 
But the name ef Donzella, very common on all the coaſt of the 
Moditerrateart, is Alſo applied to the Cepola, and = Sparnus julis - 
oe od bansi!s 515 May A 0 lb 24 09 Oye" 
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of ventral fins induces me to believe, that i it 18 258 a 
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ſpecies, It feeds upon ſmall crabs and fif es. 
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Read May 37, 1781. 


HE following account is a kind of poſtſcript to my 
letter to Dr. Moss, Lord Bifhop of Bath and Wells, in 
1775, which the Royal Society did me the honour to publiſh 
in the Philoſophical Tranſactions i in 1757. In that I ſhewed 
how much a Beech increaſed upon its ſtem being cleaned and 
waſhed *; and in this I ſhall ſhew, that the benefit of cleaning 
the ſtem continues ſeveral years: for the Beech which I waſhed 
in 1975 has increaſed in the five years fince the waſhing eight 
inches and fix-tenths, or above an inch and ſeven- tenths yearly; 
and the aggregate of nine unwaſhed Beeches of the fame age 
does not amount to one inch and three-tenths yearly to each 
tree. In 1776 J wafhed another Beech (of the fame age, vis. 
feed in 1741); and the increaſe in four years fince the waſhing 
is nine inches and two-tenths, or two inches and three-tenths 
yearly, when the aggregate of nine unwaſhed Beeches amounted 
to but one inch and three-tenths and a half. In 1776 I waſhed 
an Oak which I planted in 1720, which has increaſed in the 
four years ſince waſhing ſeven inches and two-tenths, and the 


* Vide Phil, Tranſ. vol. LXVII for the year 1777, part I. p. 12. 
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apf gate bf thre? Ok Plants che Hine yea T Tinker! 
ten dun tel <0 But dhe Help" to cc HSS 55 
Febaſtied anether Bedeh of the Luthe age, aud the creaſe füt 
e as chres inches Ges the aggregate feen un wund 
Porchis wes not füll fifteen inches arid fixaralbths;' or hot bid. 
inch änd Half à tenitk to cach' trees yettnblt of” rhde” ir 


> 


above haf an inch more than in 1778. But the beſt 1p; 


c effy mn aigftio nge 


creale, of theſe three. years. is low, as them, are. but. twenty.,pk... 
| 
| 
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the: nmety three trees that Were not planted by ; me, und 
9 increaſe 18 reaſonably expected in young than old trees” 4 
| yet 


eh sb ebe dn nest fe 7M 
yet Lohays; an Bak, Not 5.0 arr ga TY Ya 
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cond times, exe. the Qak. near the bopgurable Mr, Lx Os 
Lodge in, Halt: Foreſt, which. does net ſhow tobe. yg 

1759 1 Hund it was at ſeven ;feet (for a large ſelling rendered 
it unfair to męaſure at. five ar, fix, feet) a trifle above thirtyrfous . 

feet in circumferenge, and in 1778 I found. it had not increaſed 

above half au. inch in nineteen years. This more entire remain 
of longevity. merits. ſome regard from the lovers of, trees, as 

well as the hollow Oak at Cowthorp in Yorkſhire, which Dr: 
EUNTER. gives an account of in his edition of . EVELYN's Silva, 
and calls it forty-cight: feet round. a at three feet. I did not mea - 
faxe it. ſo low.; but in 1769.1 found it at four feet, forty, feet 
and Ax inches; audat. te thirty-lix feet and fix. inches 3. 
and. at ſix feet, thirtyotwa.<t; 24d one inch, Now, although. 


IIe anpual ipcreafe. of, very 


this Oak. is lar ger hear the 3 W than that, 1 12. Hampſhire, yet at. 


diminiſhes Much more 1 addenly i in girt, vi. eight feet and five 
inches in two. fect « of height (I, reckon by my awn meaſures as 
" 9M: pains. Wnibe. exact) e the diminution continues 


Aube about rweatyrcight fect. in circum \farence, and the battom 


* P 28 ke 18 in "the... age of this Oak, as 1 Rave the. deed between my 
acrRor RHE T «tux and the Copyhold Tenants of his' Manor of Stratton, 
dated May * N wo . bus waſte ; en 1. 
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,Uurteen E Ns in ſix hundred and eighty-ſix feer round or 
buyers meaſure, or ſeventeen ton and fix feet; and fourteen 
feet Tenigth | of the Hampſhire Oak is one thouſand and ſeven 


feet! of twenty-five ton and ſeven feet, that is, three hun- 
dxed and twenty-one | feet more than the Yorkſhire Oak, though 
that i is ſuppoſed by many people the greateſt Oak in England. 
* 1. am _ unwilling to conclude this account of waſhing t the 
ſtems of trees without obſerving, that all the ingredients of 
vegetation united, which are received from the roots, ſtern, 
branches, and 3 of a moſſy and ditty tree, do not produce 
half the increaſe that another gains whoſe ſtem is clean to the 
head only, and that not ten feet in height. Is it not clear that 
this greater ſhare of nouriſhment cannot come from rain? for 
the dirty ſtem will retain the moiſture longer than when clean, 
and the nouriſhment drawn from the roots, and imbibed by 
the branches' and leaves, muſt be the ſame to both trees. Then 
muſt not the great ſhare of vegetative ingredients be conveyed 
in dew ? ? May not the moſs and dirt abſorb the fineſt parts of 
the dew? and may they not act as a kind of ſcreen, and de- 
prive the tree of that ſhare of air and ſun which 1 it requires? 
To develope this myſterious operation of nature would be an 
honor to the moſt ingenious, and the plain fact may afford 
pleaſure to the owners of young trees; for if their growth 
may be increaſed by cleaning their ſtems once in ſive or fix 
years (and perhaps they will not require it ſo often) if the in- 
creaſe is but half an inch yearly above the ordinary growth, 
it will greatly over-pay for the tiouble, beſides the pleaſure of 
ſeeing the tree more flouriſhing. Although the extra increaſe 
of my firſt waſhed Beech was but four-teuths of an inch, the 
ſecond was nine-tenths and a half, and the third near two 
inches, ſo the aggregate extra increaſe is above one inch and 
| one 
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XXX. Hints. relating to the Uſe which may be math if the Ta- 
bles of natura and logarithmic Sines, Tangents, &c. in . the 
numerical Reſolution of adfected Equations, By William 


W ales, F. R. S. and Maſter of ihe Royal Mathematical mal 
in Chriſt's Hoſpital. 


Read June 14, 1781. 


HE firſt intimation that I can meet with relating to the 

uſe which may be made of the tables of ſines, tangents, 
and ſecants, in reſolving adfected equations, is in the latter part 
of the ſecond volume of Profeſſor sau NDERSOx's Elements of 
Algebra, printed in 1741, after his deceaſe. The profeſſor 
there ſhews how to reſolve thoſe two caſes which make the 
firſt and ſecond of the following examples, by means of the 
tables; but it appears, from many circumſtances, he was not 
aware that the third caſe could be reſolved in the ſame manner. 
All the three forms were, however, reſolved by the late Mr. 
ANTHONY THAck ER, a very ingenious man, who died in tlie 
beginning of the year 1744, by the help of a ſet of tables, of 


his own invention; different from, but in ſome meaſure ana- 
logous to, the tables of ſines and tangents. Theſe tables were 
finiſhed and publiſhed, together with ſeveral papers concerning 
them, after his death, by a Mr. Bxown of Cleobury. In theſe 
papers, befide explaining fully the uſe of the tables in reſolving 
cubic equations, Mr. THACKER ſhews that his method compre- 
hends the reſolution of all biquadratic equations, if. they be 
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Mr..wAaLts en the Refulaaian,'& Ec. | 353 
firſt. reduced to cubic ones in the manner which has been ex- 
| plaihed by DEscAR TES and . and the ſecond term then 
taken away. ; 
Since that time M. mavpurr has ſhewn how to End the 
roots of all the three forms of cubic equations, by means of 
the tables of fines, &c. in his excellent Treatiſe of Trigono- 
metry. But none of theſe authors have attempted to reſolve 
equations of more dimenſions: than three, by theſe means, 
without firſt reducing them to that number; nor even theſe, 
before the ſecond term, or that which involves the {quare of 
the unknown quantity, 1s taken away : whereas ſuch reduc- 
tions will generally take up more time than is required to bring 
out the value of the unknown quantity by. the following me- 
thod; and, after all, frequently ſerve no other purpoſe but 
that of rendering the operation more intricate and troubleſome. 
The truly ingenious Mr. LANDEN, in his lucubrations, 
publiſhed in 1755, has given a general method of reſolving 
that caſe of cubic equations, by means of the tables of fines, 
where all the roots are real, without the trouble of taking 
away the ſecond term of the equation: and Mr. s1MpsoN has 
ſhewn how to reſolve equations of any dimenſions, by the fame 
means, provided thoſe equations involve only the odd powers of 
the unknown quantity, and that the co-efficients obſerve fuch 
a law as will reſtrain the equation to that form which is expreſ- 
five of the coſine of the multiple of an arc, of which the un- 
known quantity is the coſine, This was firſt done, I believe, 
by JoHN BERNOULLI, and afterwards by Mr. EULRR, in. his 
Introduct. ad Analyt. Infinit. and Mr. DE MorvRE, in his Mi/- 
cell. Analyt.; but the reſolution of all equations of this form, 
as well as many others, is comprehended in the firſt of the 


following obſervations, 
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* | 4 56 Mr. WALES on the Reſolution 
The firſt thought of extending the uſe of the tables of f lines, 
tangents, and ſecants, farther than to the cafes which have 
been already mentioned, occurred to me while I was conſidering 
the problem which produced the equation given in this paper as 
the fourth example. And it is remarkable, that the very ſame 
thought occurred to Dr. Hur rod about the ſame time, and in 
the reſolution of the ſame problem; and we were not a little 
ſurprized, on comparing our ſolutions together, to find that 
our ideas had taken ſo exactly the ſame turn; and that both 
ſhould have ſtumbled on a thought, which, as far as either of 
us knew, had never preſented itſelf to any one before. Hav- 
ing fince examined farther into the matter, I have the ſatisfac- 
tion to find, that the principle is very extenſive, and that a great 
number of equations, efpecially ſuch as ariſe in the practice of 
geometry, aſtronomy, and optics, may be reſolved by it with 
great cafe and expedition. 

But beſide the facility with which the ns of the unknown 
quantity is brought out by means of the tables of fines, tan- 
gents, and ſecants, this method of reſolution has another con- 
ſiderable advantage over moſt others which have been propoſed, 
inaſmuch as the firſt ſtate of the equation, without any previous 
reduction, is generally the beſt it can be in for reſolution ; and 
from which it may moſt readily be diſcovered, how to ſeparate 
it into ſuch parts as expreſs the fine, or the tangent, or the 
ſecant of the arc of a circle; or into the fine, tangent, or ſe- 
cant of ſome multiple of that arc, or of a part of it; and in 
the doing of which conſiſts the principal part of the buſineſs in 
queſtion. It will alſo be of fome advantage to preſerve the 
original ſubſtitutions as diſtin& as poſſible, by uſing only the 
ſigns of the ſeveral operations which it may be neceſſary to go 


through 


1 1 


of adfeHed Equations? | 45 
n in bringing the ſolution of a problem to an hui bh, 
inſtead of performing the operations themſelves.” ** 1 
Beſides the advantages which this metliod of p pro 605 ure 
affords to the mode of reſolution: now more particutarly* Under 
conſideration, it has ſo many others over that Which is com- 
monly made uſe of, that I am much ſurprized the latter ſhould 
ever have been adopted. By preſerving thus the original ſub- 
ſtitutions diſtin&, all the way through an operation, every 
expreſſion, even to the final equation, will exhibit the whole 
proceſs up to that ſtep ; and it will appear as clearly, how every 
expreſſion has been derived, as it does in that mode of analyſis 
which was uſed by the ancient geometricians : whereas, whey 
the ſeveral original expreſſions are melted down into one maſs by 
the multitude of actual additions, ſubtractions, multiplications, 
and diviſions, which they generally undergo, in a long alge- 
braical proceſs, conducted in the uſual manner, it is impoſſible 
to trace the ſmalleſt veſtige of the original quantities in the 
final equation, except ſuch as are repreſented by a ſingle letter. 
Of courſe, however obvious the ſeveral ſteps might be at the 
time when they were taken, every idea of them muſt be totally 
loſt in the reſult; and it will be utterly impoffible to trace 
them back again, in the manner they are done in the compoſi- 
tion of a problem, the ſolution of which has been inveſtigated 
by the geometrical analyſis *. Let me add, that it is to this 


p 


cauſe 


This ſubject, if ever I am bleſſed with more leiſure than is at preſent my 
lot, ſhall be purſued farther in another paper: in which I ſhall endeayour to ſhew, 
that, notwithſtanding the great difference which there appears to be between 
algebra and geometry, they are really but one ſcience, differently treated; and 
that the operations of the former may be rendered as clear and peripicuous as 
thoſe of the latter are allowed to be. A diſquiſition of this nature will at leaft 
have the merit of reſcuing a very uſeful and expeditious mode of inveſtigation 


from 
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4A 3B Mr. wALES en ' the « Reſolution, Ke. 
cauſe we > muſt attribute all that obſcurity which the algebra 
mode of inveſtigation bas been ſo frequently charged with. 

I ſhall endeavour to verify this doctrine, in ſore meaſure, by 
the expreſſions which are put down in the following tables for 
the ſines, coſines, and tangents of arcs of circles, and of the 
multiples of thoſe arcs; which tables will be found very uſe- 
ful in the proſecution of the deſign which ! am now upon, and 
are abſolutely neceſſary in the explanation of it. 


from an unmerited ſtigma : and if I never be happy enough to have an opportunity 
of doing it myſelf, what I have here _ may be the means of putting ſome 
other perſon, who has, upon it. 
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Obſervations on the foregoing tables, 


EACH of the formulæ in theſe . may be ae as 

one fide of an equation, involving the unknown quantity x to 
different dimenſions. In ſome of the formulæ the odd powers 
of x are only found, in others the even ones alone, and in 
others both; but they are all equally uſeful in finding the value 
of the unknown quantity in adfected equations which contain 
all the powers of that quantity, as will r appear from 
the following conſiderations. 
I. If, on bringing the ſolution of any problem to an equa- 
tion with ſome known quantity, it be found to correſpond with 
any of the formula in theſe tables; or, if by any means it can 
be reduced to any of them, it is manifeſt, that nothing remains to 
be done but to divide the known fide of the equation by the 
value of the quantity which is here denoted by 7, and to ſeek 
for the quotient in the tables of fines, eoſines, or tangents, as. 
the caſe may require, and the value of the unknown quantity 
will be the fine, tangent, ſecant, or verſed fine, of a given 
part of that arc (according as the expreſſion is found in the 
firſy ſecond, third, or fourth table) a by the value 
of r. 

II. If, as will more frequently happen, the final equation of 
an operation be found equivalent to the ſum, difference, pro- 
duct, or quotient, of ſore two or more of theſe formula; or 
to the ſum, difference, product, or quotient, of ſome two or 
more of them multiplied or divided, increafed or leflened, by 
ſome known quantity or quantities ; then, having taken away 
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eilte II wing ones. eee is i eee ee ammidorq yu; 
an pft. When tlie equation i: is found to corre rreſpoiler wier te Tun: 
GUiſſefbtice of two formula in theſe tables, WHiekr are the fine 
and tangent, i ine and coſine, or coſine and üg, of che fame 
ue, by running the eye along the tables of natural fines 4a 
tangents, find theſe two arcs, immediately following one ane! 
ther, the ſum or difference of the ſine and tangent; fte and 
coſine, or coſine and tangent, of which are one of ther 
greater, and the other leſs than the number which — 
the known ſide of the equation. Take the exceſs 6f öl 
theſe furs or differences above, and what the other aaa 
difference wants of the ſaid given number, add theſe two ertbrs 
together, and ſay, as the ſum of them is to 60%, ſo is that 
error which belongs to the leſs are to a number of ſecotids; 
which being added to the leſs arc will give one; the fum bfr dif 
ference of whoſe ſine and tangent; ſine and cofine, or cofitic 
and tangent, is exactly equal to the number which conſtitutes 
the known ſide of the equation. Of the are, thus found, let 
ſuch a patt be taken as the table in which the formula are found 
directs, and the natural fine, tangent, ſecant, ot verſed firie (as 
the caſe may require) of this part, being multiplied by the 
value of , if be found in the 2 will 1 value of 
* ſought. nnn. 
2d. When the equation W to be the 1 or quo- 
tient of two formulæ which expreſs the fine and cofine, fine 
and tangent, or coſine and tangent, of the ſanie' arc, take the 
Togarithm of the number which conſtitutes the known fide of 
the equation, and then follow exactly the directions given in 


the firſt caſe, uſing the tables of logarithinic f 1 and — 
Anſtead of the — 4 of natural ones. 7 
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— If the equation, 4inally — the 
any. problem, preſent itſelf; in an expreſſtion which — 
of the ſum or difference of the fine, coſine, or tangent, of an 
are, of which the unknown quantity is the ſine; eofine, 4an- 
gent, or verſed fine, and the 4ane, ene, or tangent, of ſome 
multiple of that arc, it Will then be convenient to have two 
tables of ſines and tangents; and in running the eye along 
them to find the two ares immediately following one another, 
of which the ſum or difference of the ſine, coſine, or tangent, 
of one of them, and the ſine, coline, or. tangent, of ſome 
multiple of it, may be leſs, and the ſum or difference of the 
fine, coſine, or tangent; of the other, / and the fine, coſine, or 
tangent, of the ſame multiple of it, may be greater than the 
number which conſtitutes the known. fide of the equation, for 
every minute of a degree chat the finger is moved over in one, 
it muſt be moved over à number of minutes in the other, 
which is equal to the number of times that the ſingle arc is 
contained in the multiple one. When theſe two arcs are 
found, tha operation will; not differ ſo materially, from that 
which is ꝓointed out in the firſt rule as to merit repetition. 
Ath. It, inſtead of the ſum or difference of the ſine, coſine, 
or tangent, .of an arc, and the ſine, coſine, or tangent, of 
ſome multiple of it, the form of the equation be ſuch as to be 
conſtituted of the product of them, or the quotient of one di- 
vided by the other, the laſt rule will ſtill hold good, uſing only 
the logarithmic ſines and tangents inſtead of the natural Ones, 
and comparing the ſum or difference of them. according as the 
equation is .compoſed of the product or quotient of. the two 
factors, with the logarithm of the number which conſtitutes the 
known fide of the equation, inſtead of that number ittelf. 
Vol.. LXXI. b l 2 ie 
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Wünswich ate conſtituted of tlia ſung) differemice, prhduct, e 
guetient7 of ' the fine, cofine; of targent, off forme? maltzple of 
an arc, ef which: the unknown quantity is the thine; rangent, | 
{E4Kt; or verſed fine, and the fine, coſine, ar tangæ nti lof Tbime 
other multiple of the fame arc. And in any of che fe cates; E 
is trianifeſt, that the method of proceeding, in order to obtain 
one af the multiple arcs, and. froti thence the ſingle one of 
which che unknown quantity is the fine, tangent, iI 
not be greatly different from thoſe which have bern deſeribed in 
the third and fourth rules. The: moſt material idiffæremce con 
fits in tus, that iaſtead of proceeding minute by minute, ac- 
cCording to the directions in the third rule to find the fingle arc, 
ir weit how be moſt convenient to proceed in each table by as 
many minutes at each ſtep as are equal in number to the nut- 
der of times which the- — * multiple 
ones refpectively. 1 101 OI Uns : 91 
th. Equations n e eee apprarunce n R- 
ads which exptefs the ſquare, cube, &c. uf the fine, coſime, 
or tangent, of the multiple of ſome are, of which the un- 
known quantity is the fine, tangent, ſecant, ar: verſed! fne; 
or in formulæ which are expreſſive of the ſum, :daiference, pro- 
duct, &c. of the ſine, coſine, or tangent, of an are, ani ſame 
power of the fine, coline, or tangent, of the fame arc; f of 
tome multiple of it, the unknown quantity being ſome other 
trigonometrieal line belonging to that arc. Or the acuation 
may be compounded of the fam, difference, product, & of 
the ſame, or different powers of the ſmes, tangents, or ooh, 
of different multiples of an are, the unknoum quantity bœhng 
the ſine, tangent, ſecant, or verſed ſine, of that arc In every 
Ops of theſe caſes the tables v will 1 give the value af the unknown 
. quantity, 


* A * * 
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vogel U 1-14, 
<uintiryj! and ncndftiof ehem / with grout caſe; and; exifetition. 
Theſmethad whacivid torbo) prirſundt in rick caſe will readily 
prefiyt infolE-ro-a ſkilfob analyſt, who attonds catefully-to-whas 
las been already tid; and the examples which fulloßmp. 
NN The sermulz w the four ſprecetling tables may be greatly 
varied by fippoſing-x; the unknown quantity, to be fame part 
ors parts of the ime, tangent, l 1&c. as 4, "$5 &e. or ſomo 
multiple f ĩt, -a& twice, thrice, &c. Or x may be the ſquare, 
orthe ſquare nt, or any other power of the. fine, tangent, 
ſecant;: or verſed fine; of an arc; in every one of which caſey 
the frmαιjů. l: put an different appearauces. either with re- 
ſpect to the powers or co-efficients of the unknown Pantitye 
1 vet admit o the fame kind of application. PRICE? 
VV Theitables may be rendered yet mare extenſiyely vlelul by 
inſerting exprefions for the fines, cofines, and tangents, of 
half che are which has x for its fine, tangent, ſecaut, or verſed 
ſine; and alſo for the fines, coſines, and tangents, of the odd 
mültiples of this Half are, -which expreſſions, together with 
thole-already-inſerted;/may be conſidered as the fines, cofines, 
and ratigettts, of the multiples of an arc, the unknown quan- 
tity, being the fine; tangent, &c. of twice that arc. And 
this - agen itns. ſometimes be applied to * viren 
purpdles. . N 
% VI. In * to ad 1 che 3 more 
Pähave put for the radius of the circle 3; whereas it will, fre- 
quently happen, that the equation, finally reſulting from the 
veſobution of a problem; eſpetially thoſe which relate to the 
dodirine of the ſphere, will preſent itſelf in a form where the 
radius maſt be taken equal to unity: what theſe forms axe will 
readily appear by — 1 for 7 and its Powers. ever 
W pts - * 11] 2218 Mead: 20 00, 
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ihe! 
bo cp — 
ing out che nnktnown quantity — | 
what has already been ſaid will — — 
nature of it, and: to enable the analyſt to apply ãt in other un 
ſtances as they occur to him, 1 ieee fem 
—_— to erer 180 ef 21 131 2 21 11] ION «201 ond 
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Let it be required to find the value of & in an Eqfuarion'6 
the form as 

If “ be expounded by 50, and a by 120 (fee Phil: Tranſ. 
vol. LXVIII. p. 937.) the equation may be reduced to 
A* 3 i and, conſequently, by tab. III. if * 


be conſidered as the ſecant of an arc, of which t the radius i is 
Vo 55, up x — 50 will be the tangent of it, and. we ſhall have. 


4+. ad 4% 


to find an arc, ſuch that the tangent multiplied by the ſquare 


root of the ſecant may be equal to 120; or, which amounts, 
to the ſame thing, ſuch an arc, that the log. tang. together, 
with half the log. ſecant may be equal to half the log. of 120. 
But becauſe the tangent and ſecant, here required, are to the, 


radius of: the /o, the log. tangents and ſecants in the tables 
mult. be increaſed by the logarithm of that number, and there» 
fore log. tang. + log. 5a +4 log. ſecant + K log. 50 = 4 log. 420 
or log. tang. ＋ log: ſecant 1 log. 120 — log. of 50. Hence, 
having taken 3 the log. of 50 from + the log. of 120, run 
the eye along the tables of logarithmic. tangents and feoants 
until an arc be found of which the ſum of the log. tangent 
and half the log. ſecant is equal to 19.765363 1, the remainder. 

| In 


——— — bound, x Ng. 
cue tand halk the: log, ſerant af 287.35“ — 


difference. by aan, that the ſum of the log. tangerit and 
half ahe-logoecant.of 28? 38 is greater than it -by:i1 399-5 


therefore g349 ( 1337): 60 2 20121: 36% Theenact 
arc; therefort; of which the ſum of the log. tangent and half 
the log. ſecaut is equal to 19.765363 1 is 283) 36“, and the 
log. ſecant of it is 10. 0566242, which being increaſed by, 


o. 84948 50, the log. of V/50 gives 0,9061092,. which i is the 
logarithm of 8.055810, the value. of x loughts and which is 


true. tint atk Petar F oat 
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4 1 “ | 

"If #, be expounded by 3 and a by 10, as they are in n the 
gls given at p. 433. of the Phil. Tranſ. vol. LXX. the 
equation will be * — gx= — ro, and may be trans formed to 


Vu x Ver *=VIO; ; and, therefore, by tab. I. the. ſquare 
root of the ſine into the coſine of an arc, of which the radius 
is 3, is equal to the ſquare root of 10. Conſequently, an arc 
muſt be found, ſuch that the ſum of the log. coſine and half 
the log. tangent is equal to half the log. of 10. But becauſe 
the radius of this are muſt be 3, the log. ſines and coſines muſt 
be increaſed by the log. of 3; and, therefore, log. coſ. I log. of 3 
＋ log. ſine I log. of 3 muſt be equal to half the log. of 10; 
or, an arc muſt be found of which the ſum of the tabular log. 
coſine and half the log. fine is equal to the difference between 
half the log. of 10 and 14 the log. of 3. Hence, having ſub- 
tracted 11 log. of 3 from half the log. of 10, run the eye 

8 along 


* 


— 


. oattvriten's tables öf Togarithritie fmes, by With means 
* will be readily found; that the fun of the fog: —— 
Half the og. — 23" 54 30” is leſs than 19 | 
Sctels of half the 10g. of o ibove 14 18g. J, 25 Ns Bin 
the ſum of the log: cofine and half che 10g. fine of He 53 Jo" 
is greater _ 175 differerice* by 68. sag gott Ty 75 
(15 +60) : 2 N "The Het are, therefore, of 
which the flea of ch 10g. coff ne and half the ſo bog. fine Je Ja 
to 19. 7843187, is 28* 53“ 32” F "and the bog. 125 of this arc, te 
| increaſed by the log. of 3, is 6.16121 53; the jogarithin of of 
r. $44949, the value of x required, true to the laft Place. bee po 

But many equations of this form, and this Sample arhon 
the reſt, admit of two pofitive- values of the unknown quam. 
tity; and by carrying the eye farther: along the tables. it wall be 
found alfo, that the fum of the log. coſine and half the log. 
fine” of 41 48“ 30“ is greater than 197843781 by 505 and 
that the ſum of the log. coſi ne and Baff rhe bog: ſiue gor 
* 48˙ 40” is is too little by 21. "Conſequently, 7 (503-217) 
120%: 30 TE of courſe, 41 48 37 is another arc, 
which the ſum of the log. coſme and half the log. fare is:cqtial 
| to 19:784 3181, and the log. fine of this are, ĩnereaſed by: the 
log. of 3, is the logarithm of 14999999, Another value bf , 
and which errs but by unity in the ſeventh place: 
The third root, as it is generally called, of this equation; 
which is neceſſarily negative, and equal to the ſum of the other 
two, belongs properly to the equation which is given as the firſt 
example, of vrhich it is the affirmative root, and wy fd 
by the directions which are ws Sen. | 
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w take. gs Examples, of this equation. 5 437 04 


B+ Z 0 58 and x* * ＋ * Q 12, which are three of the inſtances 


piven by. Dr. HALLEY, in his Synopſis of the Aſtronomy, of 
Cotnets, to. iNuftrate the mode of computation that he purſued 
r in conſtruQt ing þ his general table for calculating the place. of a 


orbit: and it 18 e a bore por for 


41. SUL 


n bolic 
gym if 


Ax Sen how. 1 ae ant as P 


of an are, tlie radius of which is , V3 TN will be the ſecant 
of that arc; and, conſequently, by what is ſhewn in tlie firſt 
example, an art muſt be found; ſuch, that the ſum of the tabular 
log. ſecant and half the tabular leg. tangent may be equal to the 
exceſs of, half the log. of à above 3 of the log. of 3. In the 
feſt of the above three inſtances ah: exceſs will be found, 
128.9431891, in the ſecond 19.09 37041, and in the third 
188.1817497; and by running the eye along GARDINER'S 
Tables of Logarithmie Smes and Fangents, it will * found, 
that the firft falls between 0 260 . and o 26“ 30%, the ſe- 
— of 52 50 aud o- 53 0“, and the third between 
2119 % 0“ and 1 197 30“; and, by purſuing the mode which 
has been deſcribed in the two former examples, the exact arcs 
wall: be fumdi of 26 27(,75::0% 54 31% 7, and 1* 197 20%, 
and their reſpeQtive tangents, to- the radius 3, 01333248, 
026661 r, and. 0399787, the three values of x fought. And 
in this manner Dr. HALLEY's table may be extended to any 


length with the utmoſt eaſe, expedition, and accuracy, 
3 Thus 


47¹ — bb Wren 
Thus far this matter has been carried by former writers ; but 
thoſe who may be at the trouble of :canſulting them will find 
- that I have wot copied their methods : on the contrary, theſe 

Which are given here are more plain and obvious than theirs are, 


and the operations confiderably ſhorter. What follows has not, 
1 wanted been adverted to 'by any "before me. 


EX AM L E IV. 
4 

Let the equation dag from the pioportine 4: bx 1 

62 u 1 *: c'x be taken, which is the reſult of an inquiry 

into the ſituation of that place on the ſurface of the earth, 

conſidered as a ſpheroid, which 1s at the greateſt diſtance from 

2 given one, ſuppoſe London. In this inquiry a and þ were 


put to repreſent the ſine and coſine of the latitude of the given 


place (in the ſpheroid); c for . the ratio of the axes; and x 


| for the ſine of the diſtance of the required place from the oppo- 
ſite pole (in the ſpheroid alſo). The equation, which is of 


four dimenſions with all the terms, is manifeſtly acx= 


3 — —— — — 8 P 
2 x 1 5 


Sr. 1—C * Vi or = —# ==>; in which rt 


is evident from tab. I. that the difference between the tangent 
and the product of the ſine into a given quantity is known. 


| b 
In order, therefore, to find the value of x, compute —, and 


1260 


, and find the logarithm of the latter. Now, becauſe the 


ac 


elliptic meridian differs but little from a circle, the place ſought 
will not be far from the antipodes of the given one, and its 
diſtance from the oppoſte pole may therefore be eſtimated at 


£6 


08 — * | 
39 5'; and, haviog; taken out the natural tangent, and loga- 


rithmic ſitie of this; arc, add the logartflint of - — to che Tat- 


n . 1k 771 
tex, and nd the number · correſponding to the 28. which will 


be leſs 9 the natural tangent, of 39 5“ by 2869. As this 
aſſumption i is ſo near, take 39 ' 6” for the, next, repeat the ope- 
ration, and the reſult will be 1935 too great. Then 4804 
(2869 + 1935) : 60“ :: 2869 : 36”; which being added to 39%, 
gives 39 5“ 36”, for the co- latitude of the place ſought, and 
the natural fine of this arc, or .6305856 is the value of x in 
this equation. | Hob 


EXAMPLE V. 


=* 0 5 2 | 

— —4 = o, be taken, 
which reſults from a ſolution of one caſe of the problem de 
inclinationibus of APOLLONIUS ; but which, as it naturally riſes 


to a ſolid problem, Was not, I conceive, confi dered by that cele- 
brated author. The reſult of the analyſis, before any reduc- 


tion takes place, is this proportion, x +@ : #—@ :: as : : 6; 


Rx 4 
and hence, 2 


be. taken for the tangent, of an arc, of van the radius is 
Marx, x will be the cotangent of it, and ax( = 16) the co- 


ſine of twice that arc. Conſequently, we Ci to find an arc, 
the tangent of which is to the coſine of twice that arc as à is 
to 16; and this being done, the natural co-tangent of that arc, 
to the proper radius, will be the value of x. | 
Vol. LXXI. Q Thus, 


— 2a² 


- Bah the equation x += 8 + 


ax = Ib, But it is here manifeſt, that if 5 


47 Mr. warts on te W "9 
Fits; let a be 10, and 5 24; and the difference of thologs- 


zithms'of | and 36 will be o. 079. Now, by running the 
eye along GARDINER's Tables of logarithmic Sines .and Tan- 
gents, it will be readily ſeen, that the log. tangent of 26® 33 505 
when increaſed by 0.0791812, is leſs than the cofine of 
£3 7. i twice that arc; and that the log. tangent of 
26* 34' o“, when increaſed by the ſame quantity, is too great. 
And, by actually taking out the logarithms, and making the 
additions, the former will be found too ſmall by 455, and _ 
latter too great by 632. Then, 1087 (455+632) : 10” : 
455 : 4; which being added to 26* 33 50“ gives 265 47 540 
for the arc of which x is the co-tangent. And if to twice the 
log. co-tangent of this arc the logarithm of @ (10) be added, 
the ſum = 6020600) i is the log. of 40, the value of x ſought. 


EXAMPLE... VI. 


The equation reſulting from a ſolution of the famous problem 
of ALHAZEN may be given as another example of the uſe of this 
method. Many ſolutions of this celebrated problem, by auy- 
GENS, sLustus, and others, may be met with in the Philoſo- 
phical Tranſactions. Solutions to it may alſo be found at the 
end of Dr. RoBRRT $1MPsoN's Conic Sections, in Dr. sMITH's 
Optics, Mr. xoBin's Mathematical Tracts, and other places; 
but the moſt direct and obvious method is, perhaps, that which 
follows. 

Put a DC, b=dC, r= =CI; x = CB and y = CE, the coſines 
of the arcs IA, IH, to the radius : then will the fines of 


- thoſe arcs, BA, EH, be expreſſed by Vr * and Vr =; 
- and, 


* * cd. > x 
and, becauſe of the ſunilar 3 
ABC and BFC, _HEC and dGC, * . * 
7 1x10 gc r: VF K :: 4: 
4 * "= — DF; 1: 7 — 62 = CG, and. | 


17 


— ——_ 


— r=Fl, F = GT; and 


becauſe the angles DIF, 418, are equal 
by the nature of the problem, and the 
angles DFI and 461 both right angles, the triangles ! DF [ and 


[4 


dGT are alſo ſimilar, and conſequently — _—_ „ 
7 
bV *—y* by * * y of 
; and 7x 4 7 1 rg YT an Or 
1 r - 44 —x 15 bYri—) 
2 5 2 8 
5 — C the co- ſecant of the 


7 * 2 2 . * VII- 
arc HI = co- ſecant of Al - a=the co-tangent: HI\+r — co-. 
tangent AI ; or, 880 the co-tangent * HI - cortangent 


of Al co- ſecant of HI x7 co- ſecant Alx r - Conſequently, 


we have to find two arcs, L ſum of which is given; and ſuch 
that the difference of their co-tangents may be equal to the dif- 
ference of the products of their 8 into given quan- 
tities. 

To do this aſſume the angle DCF as near as poſſible; and, 
becauſe the ſum of the two angles is given, the angle 408 will 
be known alſo. Take the difference of the logarithms of 7 and 
a, r and b, which will be conſtant, alſo the difference of the 
co- tangents of the two aſſumed arcs, and having taken out the 
log. co- ſecants, add to them reſpectively the two logarithmic 

Q qq 2 differences. 


* 
oy 
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differences. Find the numbers correſponding. to theſe two | 
ſums, and if the difference of theſe two numbers be equal to 
the difference of the co tangents, the angle DCF was rightly 
aſſumed; but as that will ſeldom happen, take the difference, 
or error; aſſume the angle DCF again, repeat the operation, 
and find the error as before. Then, as the ſum of the errors, 
if one of them was too great, and the other too little, or their 
difference, if both were too great, or both too little, is to the 
difference of theſe aſſumptions, ſo is the leſs error to a number 
of minutes and ſeconds, which muſt be added to that aſſump- 
tion to which the leaſt error belongs, if that aſſumption was too 
ſmall ; or ſubtracted from it, if the aſſumption was too great: 
and, unleſs the firſt aſſumption was made very wide of the 
truth, which may always be avoided, the two angles will gene- 
rally be obtained within a few ſeconds of the truth, and, by 
repeating the operation once more, to the utmoſt exactneſs. 

Suppoſe DC (a) be taken equal to 72, dC (5) = 48, and the 
radius CI (7) = 40, the angle DCd being 82* 45” : then the 
whole operation will ſtand as follows : 

= 40 log. 11.6020600 3 11. 6020600 


4 = 72 log. I. 9573325 b=48 log. I:. 6812412 


—ů — — 


Conſtant log. 9. 744627 5 Conſtant log. 9g. 92081 88. 


Now, in the two triangles DCI, dCT, the angles DIC 2 
dIC being equal, and CI common, but dC conſiderably leſs 
than DC, it is manifeſt, that the angle CI will be conſiderably 
leſs than the angle DCI: let them be aſſumed in the proportion 
that DC bears to its exceſs above dC ; in which caſe the angle 
Cl will be 27* 35” and DCI 55* 10“. The co-tangent of the 
former will be 1.9141795, of the latter .6958813; and the 
difference of them 1.2182982, The log. co-ſecants of thoſe 
tWO 
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two angles are 10. 33438 32 and 10.08 575 36, which being re- 
ſpectively increaſed by 9.9258 188 and 9. 7446275, the two 
conſtant logarithms, make o. 25 52020 and 9.8 304811, which 
are the logarithms of 1.799709 and . 6768323; and the dif- 
ference of theſe two numbers is 1. 1228756, which is leſs than 
the difference of the log. co-tangents by. 0954226. 

I next aflume the angles 30“ and 52" 45; and by purſuing 
the ſame ſteps which have been deſcribed above, I find the dif- 
ference of their co-tangents exceeds the difference of the pro- 
ducts by .0028987. Then, as 925239 (the difference of the 
errors) is to 145” (the difference of ſuppoſitions), ſo is the latter 
error 28987 to 4 33“ which being added to 3o*, gives 
30* 4 33“ for the next aſſumption of the angle dCI ; but for 
eaſe in the computation I ſhall take 30 5”; in which caſe the 
angle DCI will be 52* 40“; and by repeating the operation the 
difference of the co-tangents will be found lets than the dif- 
ference of the products by .2002425. And 31412 (the ſum of 
the two laſt errors) is to 5” (the difference of the ſuppoſitions) 
as 2425 (the laſt error) is to 23“; which being taken from 
30* 5, the laſt ſuppoſition, becauſe it was too great, leaves 
30? 4 37” for the exact value of the angle d CT. 

This equation, like that in the fourth example, when the 
value of y is properly ſubſtituted, and the equation reduced in 
the uſual manner, will rife to four dimenſions with all the 
inferior ones; and it does not appear, that either HUYGENs, . 
SLUSIUs, Mr. RoBINSs, Dr. WILLSON, or Profeffor s1M1s0xN, . 
with all their artifice, have been able to depreſs it: but by this 
method of reſolution the point of reflection is found, with the 
greateſt exactneſs, in much leſs time than this ſubſtitution and 
reduction can be made. And this example farther ſuggeſts to 


us, that when the anſwer is ſought by the method now under. 
2. conſi- 
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unknown quantities but one. 


EXAMPLE VII, 


Suppoſe the equation to be reſolved were a = .375 = 
16y'==45* —20)'=439* +57: and, firſt, let the upper ſigns 
have place, and it is manifeſt, that the latter fide of the equa- 
tion may be. divided into two parts; namely, 4 1 *. 


9 . I Ty. 1 5, and 165 205% +5y=y — 10% 21 1 y. T — 5 
＋ . I Ty. 15. But the former part is (by tab. I.) the 
ſquare of the ſine of twice the arc which has y for its ſine (radius 
being z 1) and the latter part the fine of five times the ſame 
arc. Hence, therefore, the given quantity a (=.375) is equal 
to the ſum of the fine of five times the arc (A) which has y 
for its fine, and the ſquare of the fine of twice the ſame 
arc. Now, as the ſquare of the fine of twice the arc (A) 
muſt neceflarily in this inſtance be very ſmall in compariſon of 
the ſine of five times the ſame arc (A), it is manifeſt, that the 
ſine of five times the arc which has y for its fine will be very 
little leſs than .375, and of courſe that arc (5A) can be but 
very little leſs than 225 2/, the fine of which is next greater 
than that number. Aſſume it 21®, and the fifth part of it, or 
that arc which has y for its fine, will be 4? 12', the double of 
which is $* 24'. Now the log. ſine of 8? 24' is 9. 1645998, 
which being doubled is 8.3291996, the logarithm of .021 3403, 
and this number being taken from . 375 leaves .3536597, 
which ought to have been .3583679, the fine of 219, and of 


courſe is too ſmall by ,0047082 : the arc has, therefore, been 


aſſumed too great, 


Let 


Let 10 457 be next affurned;;” the fifth part of which 

is 497, and twice this laſt number is 8* 18, of which 
the log. fine is 9.1 594354; and this being doubled is 
8.3188 708, the log. of .o208387; and this being taken 
from 375 will leave .354r615: leſs ſtill than the fine of 
20 45” by .ooon297. 

Take now 20? 44', the fifth of which is 4* 8“ 48”, 40 
two- fifths is 8? 17” 36”; and the log. fine of this is g. 159088, 
which being doubled gives 8.318 1778, the logarithm of 
.o2c8055; and this being taken from .375, leaves .3541945; 
more than the fine 20* 44“ by .9000795. Now 2092 (the 
ſum of the laſt two laſt errors) is to 60” as 795 (the 
laſt error) is to 23”. Which . added to 20 44“, the 
laſt afſumption, gives 20 44 23“ for five times the arc of 
which y is the ſine: y is therefore the fine of 4 8“ 52“. 6, 
or. 07233202. 

When the lower ſigns in the equation have place, the 
given quantity 4 will be equal to the exceſs of the fine of five 
times an arc above the ſquare of the fine of twice that are: and 
the operation, after aſſuming, from the circumſtances of the 
queſtion, or equation, an arc which is nearly five times that 
having y for its fine, is this. Find the logarithmic ſine of 
two-fifths of that arc, double it, find the number correſponding 
to this logarithm, and add to it the value of a, which ſhould 
then be equal to the fine of the arc firſt aſſumed; and if it 
is not, to repeat the operation until an error is obtained on 
each ſide, and not very diſtant from the truth, as is done above, 
and which may always be done with three aſſumptions. 

A multitude of examples might be added from the writings 


of different authors, who have either left their concluſions 
7 unex- 
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-unexhibited in numbers, for want of ſome ſuch eaſy method 
as this, or have done it by means of a long and laborious 
ſeries of difficult computations 3 ; which, beſide 2 TID 
arcending them, are always fue to a variety o 


which cannot be detected, in kama the — —  fepeating 
the operation. * 
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XXXI. Experi — on ney Homer that 1 pe bal Placed in in 
certain Circumſtances, pofſeſs of producing Cold. By Adair 
Craw ford, M. D.; communicated 7 Sir Joſeph Banks, Bart 
P. R. S. | 


N the following paper 1 ſhalt lay before the Society the 
reſult of ſome experiments, which I made in the courſe of 


the laſt fummer, on the power that animals, when placed in cer- 
tain circumſtances, poſſeſs, of producing cold, having pre- 
mifed a few remarks on the progreſſive improvements which 
have been made in the knowledge of heat in general. 

The opinions of the ancients, teſpecting the nature and pro- 
perties of fire, conſiſted of Sora conjectures, which ſeem 
rather to have been the offspring of a lively and vigorous ima- 
gination, than of a juft and correct judgement : their ideas on 
this ſubject being evidently derived, not fo much from an accu+ 
rate obſervation of facts, as from thoſe ſentiments of admira- 
tion and awe which many of the phenomena of fire are calcu- 
lated to excite. Thus, this element was ſuppoſed, on the ori- 
ginal formation of the univerſe, to have aſcended to the higheft 
place, and to have occupied the region of the heavens : it-was 
conceived to be the principle which firſt communicated life and 
activity to the animal kingdom: it was confidered as conſti- 


tuting the effence of inferior intellectual beings; and, by many 
of the ancient nations, it was reverenced as the ſupreme Deity. 
Indeed the profound veneration with which the element of 
Rrr fire 
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firs was contemplated; for a long ſuccvſſidn of ages bxagieat 
part of mankind, appears to be one of the moſt curious ci! 
curiſtances in the biſtory of antient opiniotis. Fo getount for 
this We may obſerve, that there is no principle im nature, ob. 
vious to the ſenſes, which produces ſuch important effects in 
the material ſyſtem, and which,-at the:fame time, in the mode 
| of its o operation, 18 ſo obſcure: and incomptehenfible.” raomets 
It appears to be aceumulated in an immenſe quantity iti: the 
ſun and fixed ſtars; from whence its beneficial influence ſeems 
to be continually diffuſed over the univerſe: it is the great 
inftrument by means of which the changes of the ſeaſons are 
effected; the diverſity of climates is chiefly- owing to the 
various proportions in which it is diſtributed throughout: the 
earth. If we add to this the mighty alterations which have 
been produced in human affairs by the introduction of artificial 
fire, by its employment 1 i the ſeparation of metals from their 
ores, and in the various arts which are ſubſervient to the 
comfort, the ornament, and the -prefervation, of the ſpecies, 
it will not appear ſurprizing, that in a rude and ignorant age, 
this wonderful principle ſhould have been confidered as endued 
with life and intelligence, and ou it ne baue men * 
object of religious veneration. 15132 
In the dark ages the alchymiſts Ei pure hos as the 
reſidence of the Deity :. they conceived it to be uncreated and 
immenſe, and attributed to its influence moſt af the pheno- 
mena'of nature; Indeed, it is not wonderful that they ſhould 
have aſſigned it a high rank in: the ſcale of being, as it was. the 
great agent which they employed in the chymical analyſis of 
bodies, and was the inſtrument of thoſe diſcoveriegthat attracted 
ſuch univerſal admiration, and that enabled them ſo fucceſſ- 
fully to impoſe upon the ignorance and credulity of the times. 
3 Upon 
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Up the grevivab f of Hegature, che importance gf, this 
hranchi af ſuicneel began very ſoon to engnge the attention 
af philoſophers. It could not eſcape the general, obſervation, 
i a: penetrating) and inquiſitive a ge, When the powers 
of chef human mind were amployed with ſo much, ardour 
and: frtecefs, imexploring the, operations f nature, that the 
element af fte acts a principal part in the, ſyſtem of the 
world; that hy the influence of this, element thoſe, motions 
are begun and ſupported in the animal, and vegetable, king- 
doms, which: are, effential-to the production and preſervation 
af hfo; and; that it is the great agent in thoſe ſucceſſiye 
Kombinations and decompoſitions, by which all things en the 
ur face of the earth, and probably throughout the. eee 
dus kept in a continual fluctuation. n 
But though the utility of this branch, of * Was per- 
ceived; yet the progreſs that was made in the cultivation of it 
did not keep pace with the opinion which men entertained, of 
its importance. Our ſenſes inform us, that heat has a real 
exiſtence, but they give us no direct information with regard to 
its nature and properties: it; is endowed with ſuch infinite ſubs 
tilty, that it has been called, by a very eminent philoſopher, an | 
occult quality: by ſome it has even been conſidered as an im- 
material being. It is, therefore, with great difficulty that it can 
be made the ſubject of philoſophical inveſtigation ; and hence 
the opinions of men concerning it have been fluctuating and 
various, and the words which expreſs it vague and ambiguous. 
The firſt ſtep that was taken with a view to the cultiva- 
tion of this branch of: ſcience. was the conſtruction of a ma- 
chine for meaſuring the variations. of ſenſible heat ; j obſerving, 
un heat has the on of expanding bodies, and conſidering 
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thei lerer of expanſion av-ptoportionk? tothe indfceferbFohear,, 
philoſophers hive endeavoured by dens of the forthet thy revs 
der che latter obvivus to the ſenſes. Dtn wn 3hi $13 mor] 
.;-Fo+this: important zubention; che aurhor f which: cunnot 
bo diſtinctly traced, we ate indebted fr all the ſucceding im- 
provements im the 'phitoſophy uf heat- By means of it men 
were enabled to eſtabliſſo a variety of iutereſting fits,” and to 
bring ſorne of che - moſt 'obſeute and intrictte phenomena of 
nature to the teſt of | experiment; The opinion, tharthe heats 
inherent in various heterogeneous fubſtances differed from each 
other in kind, as well as in degree, was now exploded, fince all 
were found to produce: fimilar effects upon the thertnemeter. 
The increaſe and diminution” of temperature in the different 
ſeaſons and elimates, the laws which nature obſerves in the 
beating and cooling of bodies, the melting, the vaporific; and 
ſhining points, and the degrees of heat in the animal,” the 
mineral, and the vegetable kingdoms, were accurately deter- 
mined. In conſeqience of the attention that was paid to 
this, ſabje&, ' many curious queſtiens aruſe, hich have Hong 
exerciſed the ingerraity of "philoſophers: - That property of 
heat by which it is capable of expanding the denſeſt and hardeſt 
boties 3 its power in producing fluidity; its tendency to an 
equilibrium; and the cauſes of its various diſtribution through 
out the different ſubſtances in nature, have become the objects 
of philoſophical enquiry. It was obſerved, that ſome bodies 
on expoſure to heat, become red and luminous, but are 2nca- 
pable of producing flame, or of maintaining fire: that, on 
the contrary, others, by the application of fire, and the con- 
tact of freſh air, kindle into flame, and contirue to emit hght 
and heat, apparently from a ſource within themdeives; till they 
are conſumed, Hence aroſe the queſtions _— the pabu- 
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imm lo n tba uſt of che ait an ĩnſammmion, andthe diſtine. 
ron af badies:into eombhuſtible and meombuſtible. .. Þ (KOI 3 
ä From the firſt dawnings of) philoſophy it muſt have! been 
pencaived;;ithatimok animals: have a higher temperature than 
the; medium in which. they bye : and that a conftant ſucceſſiori 
oß cfreſi air s neceſſary to the ſupport of animal life. The 
cauſes af theſe phenomena, have afforded matter for much ſpe. 
culation in ancient 28 well as modern times: but the diſcovery 
that animals haue, in certain eircumſtances, the power of 
keeping themſelves at a lower temperature than the furrounding. 
medium, Was reſerved far the induſtry of the preſent age, : 
; This diſobvery leems originally: to have ariſen from obſeryas. 
tions on the heat of the human body in warm climates. It 
was mentioned by Goverbor ELLIS in 1 7585. it was: taught by 
Dn. cu, before the year 1765 and at length it was com- 
pletely eſtabliſhed. by the experiments of Dr. FoxrpyYEst in 
hentud rboms, which- were laid before the Society i in 1774. n 
1 In the- courſe of theſe experitnents the doctor remained in 4 
moezft air heated to 307 for the ſpace of been minutes, during 
which time the thermometer under his tongue ſtood at 1 
Ris pulſe matle 139 beats in a minute, his reſpiration was but 
little affected, and ſtreams of water ran down over his 
whole: body, ' proceeding from the condenſation of vapour, as - 
evidently. appeared from a. ſimilar condenſation an the fide of à 
Florentine flaſſ that had been filled with water at 10o. 
He found; however, that he could bear a much greater 
degree of heat when the air was dry. In this ſituation, he 
frequently ſupported, naked, for 2 conſiderahle time, without 
much ineonvenience, the heat of 260˙ñ, his body preſerving 
very nearly its proper temperature, Ong never raiſed more 
3 above: the natural ſtandarCd. 
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Vas opinions R Fave deen entkftained with regard to the 
. of the facts whichr were eſtabliſhed by theſa expgriments. 
Some habe attributed the cold ſolely:to evaporation, and have 
conceived that the ſame degree oforefrigeration would have 
been produced by an equal maſs of dead matter, gontaining an 
equal quantity of moiſture. Others have affirmed, that 
the cold did not ariſe ſolely, from this .;cauſs.;,. but, qhpave 
maintained, that it depended partly. upon the, energy Abb 
vital principle, being greater than what would;baye bean puer 
1 rs an equal maſs of inanimate matter. 57 of r 
The ingenious Dr. munRo, of Edinburgh, aArihes che, ld 
in the above mentioned experiments. to the circhlation of, the 
blood, in conſequence of which the warmer fluids are conti - 
nually propelled from the furface towards the, center, where 
they are mixed with; blood at a lower temperature, and. hence 
the animal is ſlowly; heated, in the. ſame manner as the water in 
a deep lake, during che winter,, is lowly cooled, and mot: xithr 
out a long continuance of froſt congealed, no part of it becom 
ing ſolid till the whole is brought down to the freezing point. 

The following experiments were made with a view to deter- 
mine with greater certainty the cauſes of the refrigeration in 
the above inſtances. : 2 

To diſcover whether the cold produced by a living animal, 
placed in air hotter than its body, be not greater than what 
would be produced by an equal maſs of inanimate matter, I 
took a living and a dead frog, equally moiſt, and of nearly the 
fame bulk, the former of which was at 657; the latter at 682, 
and laid them upon flannel in air which had beef Yaiſed to 1060. 
In the courſe of Wine nn, the order of hom 


Was as follows © © © 704. aua adi esd Toad amy 
* In the two following experiments the thernidinbters were Placed in *olitat 
with the ſkin of the animals under the axill. a bora 14 dog, 
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he thermbinerr King Mete intd the Romath, the 
Tterfial” heut of the m Was found to be the fame with 
it at the ſurface,”  TEOW | Uarong Inn 
From hence it appears, "that" the wing er acquited} wy 
more flowly* than the dead one: Its vital U men, ara 
Me, hive been acttvr in the generation of cold. TEE 
* Te determine whether the cold produced in this anſunbe Ge 
pended ſolely. upon tHe evaporation from the ſurface, increaſed. 
by the energy of the vital principle, 4 living: and dead 1 
were taken at 75% and were immerſed in water at 94*, the 
Iving frog — Er In fuch a ſituation as not to rp | 
A... It | alk? 1193 ont to on 
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- 2 Theſe experiments prove, that bring: frogs. ** the faculty 
of reſiſting, heat, or producing cold, when immerſed, 1 in warm 
water: and the experiments of Dr. .FORNY CE; prove, that the 
human body has the ſame power in. a moiſt as well as in a dry 
Doln the above experiment the water, by the cold frogs. and by the agitation | 


which it ſuffered during their immerſion, . was reduced nearly 0 99 . „ 
alr:; : 
T | 


* _— 


1 is 


** 
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air: it is s therefore highly probable, *that this — does not 


depend ſolely upon evaporation. . 


It may not be improper here to obſerve, that bealthy frogs, 


in an atmoſphere above 00, keep themſelves at a lower tempe- 


rature than the external air, but are warmer internally than 
at the ſurface of their bollies: for when the air was 77, a frog 


was found to be 687 the thermometer being placed in contact 
with the ſkin ; but when the thermometer was r into 
the ſtomach, it roſe to 70˙. ; 


It may likewiſe be proper to mention, * e * * 
ſame ſpecies placed in water at 61*, was found to be nearly 
61 at the ſurface, and internally it was 664. Theſe ob- 


ſetvatious are meant to extend only to frogs living in air or 
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_ at the common temperature of the atmoſphere in ſum- 
They do not hold with reſpect to thoſe animals, when 


— ſuddenly into a warm . as in * preceding 


experiments. 
To determine whether other animals Ao have the power of 
producing cold, when ſurrounded with water above the ſtan- 


dard of their natural heat, a dog at 102“ was immerſed in 


water at 114*, the thermometer being cloſely 'applied to the 
ſkin under the axilla, and ſo much of his head being uncovered 
as to allow him a free reſpiration. 

In 5 minutes the dog was 108*, water 1125 


6 8 — 109 — 112 
C - 108 = 712 the reſpiration 
having become very rapid. 


In thirteen minutes the dog was 108?, water 1125 the re- 


1 ſpiration being ſtill more rapid. 88 
In about half an hour the dog was 109®, water n the 


auimal was then in a very languid ſtate. 
Small 


" 


. Avimals poſſeſs of 


+ res Folds #7 
Small, quantities, of blood — drawn from. the femoral 
artery, and from a contiguous yein, the temperature did not 
ſeem to he much increaſed; above the natural ſtandard, and the 


ſenſible heat of the former appeared to be aptly the ſame with 
that / of the latter. Ti 315 20d ,2: 

In this experiment. a remarkable change w was produces: in the 
nero, the venous blood: for it is well known, that in the 
natural ſtate, the colour of the venous blood is a dark red, that 
of the arterial being light and florid ; but after the animal, in 
the experiment in queſtion, had been, immerſed in warm water 
for half an hour, the venous blood aſſumed very nearly the hue 
of the arterial, and reſembled it ſo much in appearance, that it 
was difficult to diſtinguiſh between them. It is proper to ob- 
ſerve, that the animal which was the ſubject of this experi- 
ment, had been previouſly weakened. by loſing a conſiderable 
quantity of blood a few days before. When the experiment 
was repeated with dogs which had not ſuffered a ſimilar evacua- 
tion, the change in the colour of the venous blood was more 
gradual ; but in every inſtance in which the trial was made, 
and it was repeated fix times, the alteration was ſo remarkable, 
that the blood which was taken in the warm bath could readily 
be diſtinguiſhed from that which had been taken from the ſame 
vein before immerſion, by thoſe who were unacquainted with 
the motives or circumſtances of the experiment. 

To diſcover whether a ſimilar change would be produced 
in the colour of the venous blood in hot air, a dog at 102 was 
placed in air at 1340. 24 
In ten minutes the temperature of the dog was 1041, that 
of the air being 130. In fifteen minutes the dog was 1060, the 
air 130% A ſmall quantity of blood was then taken from the 
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jugular vein, the colour of which was ſenſibly altered, ws 


much lighter than in the natural ſtate. 2 
The effect which is produced by external heat. upon the c co- 
lour of the venous blood, ſeems to confirm the following opinion, 
which was firſt ſuggeſted by my worthy and ingenious e 
Mr. w1LsoN, of Glaſgow. Admitting that the ſenſible heat of 
animals depends upon the ſeparation of abſolute heat from the 
blood by means of its union with the phlogiſtic principle in the 
minute veſſels, may there not be a certain temperature at which 
that fluid is no longer capable of combining with phlogiſton, 


and at which it muſt of courſe ceaſe to give off heat? It was 


partly with a view to inveſtigate the truth of this opinion that 
I was led to make the experiments recited above. 

I ſhall now endeavour, from the preceding facts, to explain. 
what appear to me to be the true cauſes of the cold produced 
by animals when placed in a medium, the temperature of which 
is above the ſtandard of their natural heat. 

In a work which I ſome time ago laid before the public, hav- 
ing attempted to prove, that animal heat depends upon the ſepa- 


ration of elementary fire from the air in the proceſs of reſpira- 
tion, 1 obſerved, that when an animal is placed in a warm 


medium, if the evaporation from the lungs be increaſed to a 


certain degree, the whole of the heat ſeparated from the air 
will be abſorbed by the aqueous vapour. 

From the experiments on venous and arterial blood, recited 
in the third ſection of that work, it appears, that the capacity 
of the blood for containing heat is ſo much augmented in the 
hangs, that, if its temperature were not ſupported by the heat 
which is ſeparated from the air, in the proceſs of reſpiration, it 
would fink 30%. Hence, if the evaporation. from the-lungs be ſo 
much increaſed as to carry off the whole of the heat that 1s 


detached 
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detached from the air, the arterial blood when it returns by the 
pulmonary vein will have its ſenſible heat greatly diminiſhed, 


and will conſequently abſorb heat from the veſſels which are in 
contact with it, and from the parts adjacent. The heat which 
is thus abſorbed in the greater veſſels will again be extricated 
im the capillaries, where the blood receives a freth addition of 
phlogiſton. If, in theſe circumſtances, the blood during each 
revolution were to be equally impregnated with this latter prin- 
eiple, it is manifeſt, that the whole effect of the above proceſs 
would be to cool the ſyſtem at the center, and to heat it at the 
farface ; or to convey the heat to that part of the body where 
it is capable of being inſtantly carried off by evaporation. But 
it appears, from the experiments which have been laſt recited, 
that, when an animal 1s placed in a heated medium, the ſan- 
guineous maſs, during each revolution, is % impregnated with 
phlogiſton ; for we have ſeen, that the venous blood, in theſe 
circumſtances, becomes gradually paler and paler in its colour 
till at length it acquires very nearly the appearance of the ar- 
terial : and it 1s rendered highly probable by the experiments of 
Dr. PRIESTLEY, that the dark and livid colour of the blood im 
the veins depends upon its combination with phlogiſton in the 
minute veſſels. Since, therefore, in a heated medium, this fluid 
does not aſſume the ſame livid hue, we may conclude, that it 
does not attract an equal quantity of the phlogiſtic principle“. 


* Tt is of no conſequence in the above argument, whether we ſuppoſe, with 
Dr. PRIESTLEY, that the alteration of colour in the blood depends upon its com- 
bination with phlogiſton in the capillary arteries, or maintain with ſome other 
philoſophers that this alteration ariſes from a change produced in the biood itſelf by 
the action of the veſſels; it is ſufficient for our purpoſe to aſſume it as a fact, 
which, I think, has been proved by direct experiment, that, in the natural ſtate 
of the animal, the blood undergoes a change in the capillaries, by which its capa- 


city for containing heat diminiſhed ; and that in a heated medium it does nos 


undergo a ſimilar change, 
S414 2 1 
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It- flows, that the quantity pt cheat given off by the blood 
in 'the-capillaries will not be equal to that which it had ab- 
ſorbed in the greater veſſels, or poſitĩve cold wilt he produced. 
If the blood, for example, in its paſfage to the capillaties;i ab- 
forb from the greater veſſels a quantity of heat as, g, and if 
in conſequence of its receiving a leſs impregnation of phlo- 
giſton than formerly, it give off at the extreme veſſels a quan- 
tity of heat only as 20®, -it is manifeſt, that upon the whole a 
degree of refrigeration will be produced as 10? and this cauſe 
of "refrigeration will continue to act while the venous blood is 
gradually aſſuming the hue of the arterial, till the difference 
between them is obliterated; after which it will ceaſe to ope- 
rate. Thus it appears, that when animals are placed in a 
warm medium, the ſame proceſs which formerly ſupplied 
them witk heat becomes for a time the inſtrument of pro- 
dueing cold, and probably preſerves them from ſuch rapid alte- | 
rations of temperature as might be' fatal to life. 
Upon the whole, the increaſed evaporation, the es 

of that power by which the blood in the natural ſtate is im- 
pregnated with phlogiſton, and the. conſtant reflux of the 
heated fluids towards the internal parts, ſeem to be the great 
cauſes upon which the refrigeration depends. Having found 
that the attraction of the blood to phlogiſton was diminithed by. 
heat, it appeared probable, on the other hand, that it would be 
increaſed by cold. To determine this, a dog at io was im- 
merſed in water nearly at 45*. In about a quarter of an hour 
a ſmall quantity of blood was taken from the jugular vein, 
which was evidently much deeper in its colour than that which 
had been taken in the warm bath, and appeared to me, as well 
as to ſeveral other gentlemen, to be the darkeſt yenous blood 
we had ever ſeen, 


5 From 


Animals _ of * ing Cold. 497 

From this experiment, compared with thoſe which have 
been recited above, we may perceive the reaſon why animals 
preſerve an equal temperature, notwithſtanding the great varia- 
tions in the heat of the atmoſphere, ariſing from the viciſſi- 
tudes of the weather, and the difference of ſeaſdni and climate: 
for, as ſoon as by expoſure to external eold, an unuſual diſſipa- 
tion of the vital heat 1s produced, the blood, in the courſe of 
the circulation, begins to be more deeply impregnated with the 
phlogiſtic principle. It will therefore furniſh a more copious 
ſupply of this principle to the air in the lungs, and will imbibe- 
a greater quantity of fire in return. 

In ſummer, on the gontrary, the reyerſe of this will take 
place, leſs phlogiſton will be attracted in the minute veſſels 
and leſs fire will be abſorbed from the air. 

And hence the power of generating beat is in all caſes- pro- 
port ioned to the demand. It is increaſed by the winter colds, 
diminiſhed by the ſummer heats : it is totally ſuſpended « or con- 
verted into. a contrary power, according as the exigencies of the 

apimel: may require. 

From tbe changes which are produced! in tlie colour of the 
venous blood by heat and cold, we may likewiſe perceive the 
reaſon why the temperature of the body 1s frequently increaſed, 


has ** — effects! in cooling the . and i in 3 
a general or partial tendency to inflammation. 
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* apt; the 13th of — veen ten and eleven 

f the EH while I was examining the ſmall ſtars in 
Go aner of H Geminorum, I perceived one that ap- 
peared vitbly larger thin the reſt : being ſtruck with its uncom- 
hol "rhaghitude, I compared i it to H Geminorum and the ſmall 
Mar i in the "quartile between Auriga and Gemini, and finding it 
ſo much larger than either of them, ſuſpected it to be a comet. 
I was then engaged in a ſeries of obſervations on the parallax 
of the fixed ſtars, which I hope ſoon to have the honour of 
layin g before the Royal Society; and thoſe obſervations requiring 
very high powers, I had ready at hand the ſeveral magnifiers 
of 229, 460, 932, 1536, 2010, &c. all which I have ſuc- 
ceſsfully uſed upon that occaſion. The power I had on when 
I firſt ſaw the comet was 227. From experience I knew that 
the diameters of the fixed ſtars are not proportionally magnified 
with higher powers, as the planets are; therefore I now put on 
the powers of 460 and 932, and found the diameter of the 
comet increaſed in proportion to the power, as it ought to be, 
on a ſuppoſition of its not being a fixed ſtar, while the dia- 


meters of the ſtars to which I compared it were not increaſed 
* | 4 


as rt — ac mars a Ms Bobo kc. | 
— 1 1 * * a = 
% 9 
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in the ſame ratio. Moreover, the comet being magnified much 
beyond what its light would admit of, appeared hazy and ill- 
defined with theſe great. powers, while the ſtars preſerved that- 
luſtre and diſtinctneſs which from many thouſand obſeryations 
T Knew they would retzin- The ſequel has-fhewn that my 
ſurmiſes were woll founded, this ptoving to de the Comet we 
have lately obſerved. 

I have reduced all my obſervations upon this comet to the 
following tables. The firſt contains the meaſures of the gra- 
dual increaſe of the Comet's diameter. The micrometers I 
uſed, when every circumſtance is favourable, will meaſure ex- 
tremely ſmall angles, ſuch as do not exceed a few ſeconds, true 
to 6, 8, or 10 thirds at moſt; and in the worſt ſituations true 
to 20 or 3o thirds: I have therefore given the meaſures of the 
Comet's diameter in ſeconds and · thirds. And the parts of my 
micrometer being thus reduced, I have alſo given all the reſt of 
the meaſures in the ſame manner; 3 though in large diſtances, 
ſuch as one, two, or three minutes, ſo great an exactneſs, tor 
ſeveral reaſons, | is not pretended t Wo -,-f 
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227 theſe meaſures agree to 95 7 


227 rather too ſmall a meaſure. 
227  ſcems right. 

51227 
227 
227 ©: 

- 2.27 very * not liable to half a ſecond of error. 
227 true to 12 or 19'” at moſt. 


Having nbafoted 'the diameter of the Comet with ſuch 
high power as 932 and 460, it may not be amiſs to make one 
obſervation on this fubject, leſt it ſhould be miſapprehended 
that J pretend to a diſtinct power of ſuch magnitude upon all 
celeſtial objects in general. By experience I have found, that 
the aberration or indiſtinctneſs occafioned by magnifying much, 
provided the object be ſtill left ſufficiently diſtinct, is rather to 
be put up with, than the power to be reduced, when the angles 
to be meaſured are extremely ſmall. The reaſon of this may, 
perhaps, be that a ſmall error of judgement, to which we are 
always liable, is of great conſequence with a low power, as 
bearing a conſiderable proportion to the diameter of the object ; 


There are ſeveral optical deceptions which may affect the meaſures of objects 
that ſubtend extremely ſmall angles. Thus I have found, by experience, that a 
very ſmall object will appear ſomething leſs in a teleſcope when we ſee it firſt than 
when we become-familiar with it. There is alſo a deflection of light upon the 
wires when they are nearly ſhut; but as none of theſe deceptions are well 
enough underſtood to apply a correction, I leave them affected with them. 
whereas 


dards „ & . 4055 
whereas with a a higher power the proportion 9 of this error to 
the whole becomes much lets, and the 'meaſure' mote etact, even 
after we have made allowance for 2 Tivall additfonal*error occa- 
fioned by the want of that perfect diſtinctneſs which, is required 
for other purpoſes. * However, to enter deeply into an expla- 
nation of this would lead me to ſpeak of the cauſes of the 
aberration of rays in the focus of an odject ſpeculum, of 
which there are ſome that are ſeldom taken into conſideration 
by opticians, and indeed are ſuch as cannot be calculated ; but 
this not being my preſent purpoſe, ſuffice it to obſerve, that 
the method is juſtified by experience. 

When the diameter of the Comet was increaſed to about a”. 
I thought it adviſable to leflen the power with w hich I mea- 
ſured ; and, as I made uſe of two different micrometers, as 
well as eye - glafſes, I took a —_—— ay both of them. The 
agreement of the micrometers to 9“ is no ſmall proof of the 
goodneſs of the obſervations of the 28th of March, and very 
properly connects the meaſures of the high powers with thoſe 
that were made with 227. 
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Mar. 13 10 


om a, 2 48 © by entry exact eftiniation true to 20”, | 


17 11 ßig 15. © 41 58 by the nucrometer and power 227. 


18 7 20 


N @ - a 
— — A K 


2 55 39 true to 4 or 75 5 on Han ein 


2 53 4 true to 4 Or 5 
2 12 46 true to 2 0 3 


; 


— | 2 1418 | 
26 10 43 1 48 z true to 2 or 30 K 
28 7 4060 | 2 55 49 true — 4 5's | | ea” 1-1 
29 8 colfrom „20 20 51 true to 20. 4 
30 7 55] fig. 3. - 28 48 true to 207 30 BO 
Apr. 1 7 45 12 39 20, 2 . Fs 
6 8 Foſtrom 9. 2 5x 23 62 2073 01 ge Ee es „ 0 
fig. 4 * e = LESS IP * 
1 5 10 184 from «. 4 27 FE eſtimatedity the Feld, true I or 60k 
16 7 Fol fig. 5. 3 9 14 by the micrometer, true to 3 or 4 
— 10 47 2 50 56 true to 3 0 4. 
mn 2 3 5 15 2 3 17” true to Bale. 
— 8 goſfrom&,| 2 24 57 1 wt 
19 8 381 hg. 6 | 3 2 $5. trueto For 4”. 


»The figures 


are drawn upon a ſcale of 80 ſeconds to one inch. 
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TABLE 111; Angle of poſition of the g mich eee ed 
parallel of derlination of the fame teleſcopic, fixed ſtars mea- 
ſured by a micrometer, of which I have yo the deſcrip - 


l tion, 58 a magnifying power of. 278. See . 1. 2. 2 +4 


99771 ft erden 


5.6. 
f D. H. M. © ( * 
by upe a eftiajation, 2 
Mar. 13 10 + O 0 of 10 or 12 degrees, | 
17 11 As Comet, 89 56 by the micrometer. 89 
18 8 20 fig. 1*. 56 39 
— — 41 33 true to 1“. 
19-3. I 29 47 true to 15. 
21 10 1 11 46 true to 4 or 5*. 
— 11 on 12 2 


24 8 2388 33 Comet, 38 39 true to 2 or 3. 


Fae © hg. 2, 36 14 true to 3 or 4 5 air very wende. 
— 25 7.3 | 5 18 
— 9 55 32 liable to a conſiderable error, 


26 10 55/A R Comet.| 87 o true to 2 or 3 . 
28 7-58] -. | 28 51 true to Zor C. 
29 9 25ʃB Comet, 32 19 true to 1 ct 4b. 
8 25 fig. 3.72 14 true to 3 or 4 
7 55 Ay Comet, 28 51 well taken, 
— — — 27 14 more exact, 
6 8 28/82 Comet, 84 42 true to leſs than 2 : 
fig. 4 
n | "FUR . 
15 10 27|B« Comet, 29 9 true to 2 or 39. 
16 8 | fig. 5. | 49 11 true to 1. 
— 10 55 50 47 true to 14 or 2˙1. 
18 8 31A. Comet, 47 9 very well taken, 
— — ; 40 35 "ou well, 


hy 27" 46" „true to 1“. 


477, true to leſs than“. 


— — — — — 


813 A Comet, 82 39 
AZ Coinct, 48 18], „ © 
=] fig. ö. '| 29 4840 nn 


10 45 47 30 true to 2 or 39. 
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® 'The angles 2 are drawn true to the meaſure, without allowing for errors. 
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pe gi a Abe Comets apparent motion i is at preſent 24 
ſeconds 2 ar It moves according to the order of the ſigns, 
and its orbit declines but very little from the ecliptic. 

March 25. The apparent motion of the Comet is aecele- 
rating, an and its apparent diameter ſeems to be inereaſing. 
March 28. The diameter is certainly increaſed, from which 
we may conclude that the Comet approaches n 

April 2. This evening at 8 h. 15 the Comet was a Ketle 
above the line drawn from » to 0 in fig. 7. This figure is only 
delineated by the eye, fo that no very great exactneſs in the 
diſtances of the ſtars is to be expected; but 1 ſhall take the 


firſt opportunity of meaſuring their . ſituations by the 


micrometer. 


April 6. With a magnifying power of 278 times the Comet 


— — 2 0 
1 


appeared perfectly ſharp upon the edges, and extremely well 
defined, without the leaft appearance of any beard or tail. 


April 16. Fig. 8. repreſents the ſituation of the Comet this 


evening about nine o'clock, and 1s only an * of the 
teleſcopie ſtars. 


- - . . i 8 <> 
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Remarks on the path of the Comet. 


We may obſerve, that the method of tracing out the path 
of a celeſtial body by taking its diſtance from certain ſtars, and 
the angle of poſition with regard to them, cannot be expected to 


give us a compleatly juſt repreſentation of the tract it deſcribes, 
ſince even the moſt careful obſervations are liable to little errors, 


both from the remaining imperfections of inſtruments, though 


they 


they ſhould be the moſt accurate that can 1 be had, and from the 
difficulty of taking angles' and poſitions of objects in motion. 
Add to this a third cauſe of error, namely, the obſeurity of 
very ſmall teleſcopic ſtars that will not permit the field of view 
ſo well to be enlightened as we could with, in order to ſee the 
threads of the micrometer perfectly diſtinct. 

This will account for the apparent diſtortions to be obſerved 
in my figures of the Comet's path. Some little irregularity 
therein may alſo proceed from different refractions, as they have 
not been taken into account, though the obſervations have 
been made at very different altitudes, where conſequently 
the refractions muſt have been very different. But though 
this method may be liable to great inconveniences, the prin- 
cipal of which is, that many parts of the heavens are not ſuf- 
ficiently ſtored with ſmall ſtars to give us an opportunity to 
meaſure from them, yet the advantages are not leſs remarkable. 
Thus we ſee that it enabled me to diſtinguiſh the quantity and 
direction of the motion of this Comet in a ſingle day (from the 
18th to the 19th of March) to a much greater degree of exact- 
neſs than could have been done in fo ſhort a time by a ſeQor or 
tranſit inſtrument; nay even an hour or two, we ſee, were in- 
tervals long enough to ſhew that it was a moving body, and 
conſequently, had its fize not pointed it out as a Comet, the 
change of place, though ſo trifling as 24 ſeconds per hour, 
would have been ſufficient to occaſion the diſcovery. A gen- 
tleman very well known for his remarkable ſucceſs in detecting 
Comets * ſeems to be well aware of the difficulty to diſcover a a 
motion in a heavenly body by the common methods when it is 
ſo very ſmall ; for in a letter he favoured me with, ſpeaking of 
the Comet, he ſays: © Rien n'etoit plus difficile que de la 
© reconnoitre et je ne puis pas concevoir comment vous aves. pu 
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2 & revenir pluſieurs fois {ur cette ctoile ou Comte; car ble 
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I need not ſay that 1 merely point this out 1a $ temporary 
N advantage in the method I have taken; for as ſdon as we can 
| have regular, conſtant, and long continued obſervations by 
fixed inſtruments, the excellence of them is too well known to 
ſay any thing upon that ſubject: for which reaſon J failed not 
to give immediate notice of this moving ſtar, and was happy to 
ſurrender it to the care of the Aſtronomer Royal and others, as 
oon as I found they had * their eee it. 


Deſcription of a micrometer for taking the angle of poſition. A 


FIG. I. Repreſents the micrometet incloſed in a turned caſe 
of wood, as it is put together, ready to be uſed with the tele. 
cope. A is a little box which holds the eye-glafs. B is the 
piece which covers the inſide work, and the box A 1 is ſcrewed 
into it. C is the body of the micrometer containing the braſs 
work, ſhewing the index plate a projecting at one ſide, where 
the caſe is cut away to receive it. D is a piece, having a ſcrew 
b at the bottom, by means of which the micrometer is faſtened 
to the teleſcope. To the piece C is given a circular motion, in 
the manner the horizontal motion is generally given to Gre: 
gorian reflectors, by the lower part going through the piece D, 
where it is held by the ſcrew E, which keeps the two pieces 
C and D together, but leaves them at liberty to turn upon 
cach other. 

Fig. II. Is a ſection of the e containing the braſs work, 
where may be obſerved the piece B hollowed out to receive the 
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I need not ſay that 1 merely point this out as. a a terngorary 
advantage | in the method I have taken; for as ſaon; as we can 
have regular, conſtant, and long continued obſervations by 
fixed inſtruments, the excellence of them is too well known to 
fay any thing upon that ſubje& : for which reaſon.I failed not 
to give immediate notice of this moving ſtar, and was happy to 

ſurrender it to the care of the Aſtronomer Royal and others, as 
| ſoon as I found they had W their Ann it. 


Deſcription of a micrometer for taking the angle of poſttion.. 5 


— =: Repreſents the micrometet incloſed in a turned caſe 
of wood, as it is put together, ready to be uſed with the tele 
cope. A is a little box which holds the eye-glaſs. B is the 
piece which covers the inſide work, and the box A is ſcrewed 
into it. C is the body of the micrometer containing the braſs 
work, ſhewing the index plate a projecting at one ſide, herd 
the caſe is cut away to receive it. D is a piece, having a ſcrew 
þ at the bottom, by means of which the micrometer is faſtened 
to the teleſcope. To the piece C is given a circular motion, in 
the manner the horizontal motion is generally given to Gre: 
gorian reflectors, by the lower part going through the piece D, 
where it is held by the ſcrew E, which keeps the two pieces 
C and D together, but leaves them at liberty to turn upon 
each other. 
Fig. II. Is a ſection of the — containing the brais work, 


where may be obſerved the piece B hollowed out to receive the 
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. «Die: POOP" cor 
box A; which ae of two purts — the eye lens. This 


figure alſo ſhews how the piece C paſſes through D, and is held 
by the ring E: the braſs work, conſiſting of a hollow cylinder, 
a wheel and pinion,” and index plate, 1s there repreſented in its 
place. F is the body of the brats work, being a hollow cylin- 
der with a broad rim c at the upper end; this rim is partly 
turned away to make a bed for the wheel d. The pinion e 
turns the wheel d, and carries the index plate 3. One of its 
pivots moves in the arm /, ſcrewed upon the upper part of c, 
which: arm ſerves alſo to confine the wheel 4 to its place 
upon c. The other pivot is held by the arm g faſtened to F. 
Fig. HI. Is a plan of the braſs work. The wheel d, which 
is in the form of a ring, is laid upon the upper part of F or c, 
and held by two ſmall arms / tad , ſcrewed down to e with 
the fcrews i, . 
Fig. IV. Is a, plan of the braſs work. 4, d, is the wheel 
placed upon the bed or ſocket of the rim of the cylinder c, c, 
and is held down by the two pieces 7, h, which are ſcrewed upon 
e, c. The piece F projects over the center of the index plate 
to receive the upper pivot of the pinion m, u, is the fixed wire 
faſtened to c, c. o, p, the moveable wire faſtened to the annu- 
lar wheel d, d. The index plate @ is divided into 60 parts, 
each ſub- divided into two, and milled upon the edge. When 
the finger is drawn over the milled edge of the index plate 
from g towards r, the angle m, 5, o, will open, and if drawn 
from r towards q, it will ſhut again. The cafe C, C, muſt 
have a ſharp corner 2, which ſerves as a hand to poin out the 
diviſion on the index plate. 
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E difference of meridians betwreeh ; Grehn ich Mid 
Cambridge has been generally recxoned -h 444. dns 
Gus what the late Dr. WI NT HRO made uſe of hut d 
not find that he determined it by actual obſervations, made by 
him at Cambridge, compared | with -correfponding? ones, made 
at the Royal Obſervatory at Greenwich. It appears „ thaf in 
1769, at the time of the tranſit of Venus, the doctor wa n 
ä Wen certain of the longitude of Cambridge.: Fe menkibned 
1 h. 44“ as near the truth; but for better fixing ãt, hei gaye 
feveral of his obſervations of tlie eclipſes of Jupiter's: fatelhites 
to be compared with thoſe made at Greenwich; hut there wors 
too few correſponding ones to determine the point with prrci⸗ 
ſion; and as modern aſtronomers do not make abſolute depen⸗ 
dence upon the difference of meridians deduced from the echpifes 
of Jupiter's fatellites, unleſs there has been à feries of obfer- 
vations, both of immerſions and emerfions, L have wiffied to 
find ſome obſervations of ſolar eelipſes and oceultations of-t1xed 
ſtars by the moon, made at Cambridge, of which :correfpand- 
ing ones were made at Greenwich. I have met with-no: obſer- 
vations of occultations made y Dr. * ä 
2 L .zechiple 


of Carpbridgs'i New England: 504 
eelipſe was obſerved by bm and ſeveral other gentlemen; ät 


His houſe; Auguſt 5, 1766, at which I was preſent and aſſiſt- 
ing, being then a reſident graduate at Harvard College : this. 
eclipſe, Sir, I find that you obſerved at Greenwich. By your 
obſervations in the printed volume, a copy of which the Royal 
Society was ſo generous as to ſend to Harvard College, which 
was received the laſt ſpring, and for which the College is very 
grateful, I find the beginning of the eclipſe was ſeen by you 
at 5 h. 29/ 56” P. M. and the end at 7h. 11” 25” P.M. apparent 
time. At Dr. winTHRoy's houſe at Cambridge, lat. 42* 25 
N. the beginning of this eclipſe was obſerved at 11 h. 3% 23” 
A.M. and the end at 2 h. 45” 9g” P. M. apparent time. Allow- 
ing for the ſpheroidal figure of the earth, and going through 
the parallaCtic calculations and deductions, I find the difference 
of meridians between Greenwich and Cambridge, by the ob- 
fervations of this eclipſe, to be 4 h. 44 22”. 

Inu the tranſit of Venus, in 1769, the internal contact was 
obſerved by Dr. wixnTHROP at 2 h, 47' 30“ apparent time, and 
by Mr. nrrenixs, at the Royal Obſervatory, at: 7 h. 28“ 57“ 
apparent time. Allowing the ſun's parallax on the day of the 
tramſit to be $//,38, I find by calculation from theſe obſerva- 
tions, that the difference of meridians between Greenwich and 
Cambridge is 4 h. 44 12”. The reaſon. of my taking Mr. 
HITCHINS's: obſervation is, your ſaying, that the teleſcope 
which- he uſed was much ſuperior to all the others which were 
made uſe of at that day at the Obſervatory; and to its greater 
excellence and diſtinctneſs you attribute the difference of 26” 
by which Mr. wircains ſaw the internal contact before you. 


There ſeems to be the greater propriety, when comparing the 
American obſervations of that phenomenon: with thoſe made 
at Greenwich, to take that where the obſerver was peculiarly 

Vol., LXXI. Uuu | aided: 
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Philadelphia to be g h. &' 43”, which is theſatae/that it apprars 
to be by the immerſions and'emerſions of Jupiters firſt date 
kte obſerved at Philadelphia, corrected in the fame manner 


tranſit of Mercury in 1769, made At Cambridge and P dals 
delphia, the difference of meridians between thofe two places 
appears by the external contact to be 16002“ che chem 


ie ak: n 


504: 
ailled By the- diſtinätitefs of bis Rcteſ@ope; -beadioſe2the fut u 
very Hear the bbrizbt with you; while Wick us che ltipucd- 


and che athndſphte expoeding; leut Tag che 


was*preat, 

3 the deductiott hade from the obſervations of 
internal contact of Venus, -and of the beginhirlg unUendibptor: 
thie 
Greenwich aud Cambridge is l. 4 af 17L 3. d>edldo yqismonize 


ove ſolar' echipfe, the difference of picridivirs bectedem 


"F find, Sir, in a letter from vou 66 Dr. SN H of Phila 


delphia, Dec. 26, 1769, that by Re obſervatzons of d chi 
eclipſes of Jupiter's ſatellites made at Norriton you dete 


mined the difference of meridians -betweers-Greefwwith/tand 
Norriton to be 5 h. 1 W 35“. If we ſubttact 5% che 
difference of meridians between Philadelphia and -Norriteny 
gotten, agreeably to your requeſt; by tetreſtrial meaſurement⸗ 


we find the difference of meridians between Gieenwiek and 


you corrected the obſervations for Norriton, which if 8/f 
more than Dr. EwING's determination. By obſervations of the 


16028“/ö; ; the mean 16% 30“ ſubtracted from ; hi-o” 43 leaves 
4 h. 44 13“ for the difference of meridians between Greg 


wiel and Cambridge deduced in this way, which, though not 
direct, may yet be conſidered 28 an eyidence of ſome weight to 


prove, that the difference is more than 4 44 and that 


4h. 44 7” may be very near the truth, This is the difference 


that I at preſent take, when | make uſe of tables fitted d the 
meridian of Greenwich; vue: * ſhould be Nall glad of more 
correſponding 
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1 Onegai Bogen! 92 
deen bern ops)te-alcertain this; fwint. Jane: 24, 
2778; /there was's folar eclipſe, viſible both. at and. 
Grmbridge The! beginning; of this eclipſe was obſerved at. 
Cambridge by the: late Dr; winTaeROP::at 9 h. 6/ 20% A. M. 
andstbe end.at Uh. 37 22; R. M. apparent time If the at- 
moſphert favoured.your obſerving it at Greenwich, I ſhould be 
extremely obliged to you, if you would communicate to me 
yalir'abſervations. I ſhall alſo be happy to know che time; of 
che beginning of the ſolar v of the 3 of next prides 


Greenwich. retro To 5 pep 
„know, Sir, beg * to communicate . his, as 


tens of the ſolar eclipſe of the 27th of laſt: October. Ar 
Beverly, lat. 425 36“ N. I carefully aſcertained the going of 
my-elock, by equal altitudes of the ſun's upper and lower limb, 
for ſeveral days preceding the eelipſe, and on the day when it 
happened, conſtantly applying the equation for the change of 


declination. October 2 5th, when the ſun's center paſſed the 
meridian, it was by the clock 7x h. 59 11“/; on en 


1 h. 587/15“; and on the zyth, 11 h. 57 18”. 

Two gentlemen obſerved with me; the rev. Mr. cuTLER 
of Ipfwich, and the rev. Mr. PRINCE of Salem. Mr. cuTLEx 
and I were each furniſhed with a reflecting teleſcope made by 
Jans Maxx of London, one magnifying 34, and the other 
48 times. Mr. enixe had an achromatic refractor magnify- 
ing 43 times. The times of obſervation are as follow: 


forr flat: 119%, By the clock. Reduced to app. time. 
1 h. b. 

Beginning of Mr. CUTLER, —"— 59 2 11 
$513 eclipſe ob · Mr. PRINCE, | 10 59 6 11 
af ne 12 3PM, * 3 
. Sr... 3 38 37 1 41 23P.M. 
: R Mr. „ 138 43 i = "ICE 
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© ad tre by deterndne "this erbt bf Erd 
cable Kritads' bterbte middle e this eclipſe: BurdecwAlng 
cc ecke "ble rvaticine" of Profeffir LI 185," Dre WINTER 
ſaccelivr,” the eitor Was Hor Bra. Bat. ſeweral affiſtants 
oBferved this edlipfe at Long aaa Pencbſedt Bay. Phe 

latitude 6f the place of | obſervatibn he found to be 17 N. 
He obfetved the beginning of Ihe: Echiple 4 1 k. 1/ % NM. 
and tlie end at 1 H. 50% 25 P. N. apparent Hite! He was furs 
niſhed with an excellent DOLLOND' 8 micrometer; with whick 
he-rhtafured che fun's diameter on the mormitig oftheechbe, 


and the lucid parts many times during 1 Ws contmüdnce. By Ns 


obfervations, compared with thoſe made at Beverly, 1 find chr 


difference of meridians between Beverly and-Lotig Ifland- ue 
8 4” in time. The time of the greateſt obſcuration Was at 
12 h. 3o' 22“, when the lucid part of the ſun was 8“ on the 
lower limb. The ſun's ſemi-diameter according>to.obſervatioh 
was 168% 7; the moon's horizontal ſemi-diameter, according 
to the tables, 16023 8; the augmentation of her ſemi-dia- 
meter, agreeably to her altitude, 9“, 5; the ſum of the viſible 
femi-diameters of the fun and moon therefore 32/ 42”. The 
lucid part of the ſun. 8“ ung ſubtracted from 32” 17 4, the 
tun's diameter, leaves 32" 9 ',4 for the eclipſed part of the ſun, 
which ſubtracted from 32' 42” leaves 32 , 6 for the leaſt diſ- 
tance of the centers of the ſun aire: moon. The, wn angle 
af the moon with the fun was, T. find, 15 54 54”, and her 
motion from the ſun in- her rifle. orbit 24,5 in one minute; 


the viſible ecliptic conjuniop.aþefcigrs 1 was at 12 h. 29 57“, 


and the diſtance of the centers vf tlie ſun and moon 36 . The 


moon's parallax in latitude from the ſun was then 490 1 5. 8 8. 
which added to 34” gives 4949“, 8 N. equal to the moon's lati- 
ä 2 tude 


Cambridge Ne England. $7 
dude hy-abſervation on mA tables hex Jatitude was then 
S9 wb 31 DY — it appears, that cha, error of theſg tables 
in latitude, at chs mcs of the oclipſe, oy the. Penabfcor. ob. 
ſexyations Was cf 194+; The error, in longitude, taking; the 
mean between that of the beginning and cud, 1 find7f9 be 
. The determunation He theſe erxors is upon the ſuppoſi: 
tian that, Beyedly 38 4h. 42%; 59, W. of Greenwich, Which, I 
believe, 2very near the truth. = Beyerly appears by - obſervation 
tot be. 27.137 in time E, of Campbeidge, which fubtrates) from 
Ah 17“ leaves 4 h. 4 59% bach 
Lchope, Sir, Ng umbrage will be * at my writing toy0v, 
on account of the political light in which America is now 
viewed by Great Britain. I think political diſputes ſhould not 
prevent c communications in matters of mere ſcience ; nor can 1 
(eo how, ar one can be injured by ſuch an intercourſe. 
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THERMOMETRICAL EXPERIMENTS; 


CONTAINING, 


I. Experiments relating to the cold produced by the evaporation 
of various fluids, with a method of purifying ether. 

II. Experiments relating to the expanſion of mercury. 

HI. Deſcription of a thermometrical barometer. 


By TIBERIUS CAVALLO, F.R.S. 


Who was nominated by the Prefident and Council to proſecute 


Diſcoveries in Natural Hiſtory, purſuant to the Will of the late 
HENRY BAKER, Efq. F. R. S. 


Read at the ROYAL SOCIETY, June 28, 1781, 
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is at preſent well known, that by the evaporation * 
rious fluids a. ſenſible degree of cold is produced ; ; and tha 
in, the evaporation. of ether, which 1 is the moſt volatile flu; 
we are acquainted with, water may | be congealed, | and the ther- 
mometer may be brought ſeveral degrees below the freezing 
point. But as various thermometrical experiments, which 
lately made, have exhibited ſome new phenomena, and as 1 
| have contrived an caſy and pleating method of freezing a ſmall 
tity. of water in a ſhort time, and i in every climate; I 
think ; it not improper 1 to give an account of theſe things i in the 
firſt part of this lecture. 3 k 
My rſt experiments were . to diſcover, if poſſible, 4 
fluid cheaper than ether, by. the evaporation | of which 2 
degree of cold ſufficient for ſome uſeful purpoſe might be 
generated. But in this my expectation was diſappointed, as 
1 found that ether was incomparably ſuperior to any other 
fluid, as the cold it produced was ſeveral degrees greater 
than that occaſioned by any other of the moſt volatile fluids 
whatever. Being. therefore, obliged to uſe ether, 1 I. en- 
deavoured to. contrive a method, by which the leaſt poſſible 
quantity of it might be waſted i in the production of . a degree 
of cold ſufficient to freeze water, and in this I met with ſuc- 
ceſd . But before we come to the deſcription of this method, I 
Vol. LXXI. >» + © nn Hall 


| 5 5 win E g with z pair of bellows upon the thermometer; but 
s was n 


ng cafily perfo 


| checks of water, 


which the experiment was — and of the water employed. 


n ieee A eee ed x ws, 
410 rnit sun. do s gent of 28 vr Sade 21 
orb gr by HRfe iges 6hi-50mios.miade on he £614 profes 
TH Trip ati6 Ulber fluids-befides gther *f0 zu vi 
12 1808. the tei "bf which was 64 aggording to 
e T's eriaeer, aud in which, Tha vat Was gently 
ventilated,” I obſerved* the effects; product by. variohs flyids 
when thrown pot the ball of a thermameter;, The ball. of 
this thermometer was quite detached fm 2 
which the ſeabè was engtaved. T he vntioug ffuidg were t 
upon the thermometer through the capillary aperture 
Tall 'gfafs vellef, faped ike u funhel- and cars; Was — . 


cba, them o flowly vpe the belb ef che thenmwmeter, .that 


rg 


a dro rop mig ght how and then bat from the under part of it; ER. 
cept w Apen thoſe flüids were uſed; which eyaporate very fowly., 
in which caſe it was ſufficient to keep the ball of the therme 

eter an noiſt, without alry drop falling from n. Durin 


meter anly m 


During 
the expe riment the tRertrometer was kept tuning vary. gentiy 
round its axis, in order that the tfeid-wicd might; fall npom every 


part of its bulb. This method J find 40 aner much better 
than, .that of di ping the ball of the thermometer. into the uid 
anc | removing” it imtmedi ately after, or that of wetting the ther- 
7201170 with a feather.” The evaporation, and conſequently 
Tr produced by it, may be increaſed by .ventilation,, ur. 


A i the following" experiments, becauſe it is 
amel by ons perfor, ang alfa beafit ec 


ry uncertain reſults. 1000 Jo beofia; ted: 

With the above deſcribed een 1 ne to examine the 
and found, that the thermometer was brought 
down. to 56*, vis. $* below the temperatuse of che rom in 


This 


25 fome Thermometrical 12 
= effect was pains in- about wo ſuinutes time, ifir 
Which K Banzer eomcinubtion-did mot bring the mereury lower. 
By means of: ſpirit of wibe!;the thermometer. Was, brought 
Adi'26'48*, 9 Chick is only 16* below the temperature : of ' the 
koche and Sethe (gloir wn Mech When the ſpirit. of \ Nine 
is! is ste redtificd, che cole produced by; its ey poration is cer- 
Uinly/griter tha uhemit is of the common, ſort ; but the GF- 
fiftnce' i nöt Id grbatu bhcgi who never tried the experiment, | 
pet! The Purer ſpirit produces the effe much 
D e yuelliges ods dg; 1, OE 
og adde other flinds,,. which were cither compyund; of 
N pure. eflences, | I found tha 
the cod proddced by- their, evaporation was generally 1 in fome 
Tirtetmediate degree between the cold aer by the water and 


tliat produced by che ſpirit af wine 
Spirit of turpentine braught the 8] ermometer only 3 2 
Tian the teriper tute of the room b alive oil and . oils, 


Which 2 very aue n All, « did 9 ſenſi 


2, 
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— Hl; wad matte ie with the 3 of 
"tical machine, Which was kept in action whilſt the Ex ge 
i performed by theſe means the thermometer, was brought 
don to 45% Having tried the. three mineral acids 1 Found, 
that inſtead of cooling they heated the thermagmeter, which: effect 
eißekted; Aube it is well-known, that tho ole 008 at ract 
tke rater from thle atmophere, and, that heat is, ö roduced 
"by dhe Schbmation of water and any of them. n. he "vitri- 
olle acid ad, *Which Was vory ſtrong and tranſparent, - rai ſed the 
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marine acid raiſed it to 66˙œ the temperature 
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of the, eam as fell as of. th acid bing 6473 as mentiaabd 


abaye,q.; + 198; led is e l to At MTN: 0g tft oifll⸗ 
The apparatus which I contrived. for the ꝓurpoſe of umg. 
the, eat pothble quantity of ether u in freezing waters & ron 
ſiſts i in a glaſs 122 ;terminating in a capillary aperture, which 
tube 15 to, be d upon the Ver +edgtains;the vohbro e 
Fig.. 1. of the annexed dtawing erhibits ſuchꝭ a tubo, around e 
lower part of which, viz. at A ſome thread i is wound, in order 
2 let at fit the neck of the bottle. When the, experiment is td 
be made, the ſtopper! « of the bottle containing the ether is ved 
moved, and the above mentioved tube is fixed- upon it The 
thread round this tube ſhould be moiſtened a little with water t 
ſpittle before i it is fixed on the bottle, in order to prevent re 
effegtually any eſcape. of ether between the neck of the battle 
and the tube. Then bolding the bottle by its bottom FG hes 11 


= D and keeping it inclined: as-is ſhewn' in the figure, the ſmall 


ſtream of ether ifluing c out of the aperture D of the tube DEE 
is directed upon the ball of the thermometer, or upon tube! 
containing water or other liquor that i is required to be eon gealed. | ) 
Ether being very volatile, and baying the femarkable pro- 
perty.. of increaſing the bulk of air, does not wequire an aper- 
ture, through which the air wight enter the bottle; in propor- 


tion as the ether goes out: the heat of the hand id more than 


fufficient to force the ether in a ſtream from the aperture . 
© Afﬀer t this manner, throwing the ſtream of ether upon the 


ball of, a thermometer in ſuch quantity as that a drop of bes 


might 1 now and then, for inſtance every 10 ſeconds, fall from 
the under part of, the thermometer, J have brought the mer-- 


8 * to 35, Vis. 29? below the freezing point, when the 11 
atmoſphere 
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withoar'blpwing bpon the thecrberneter. Rhine, BN es 
Whenthe ether is! wery «good, vice ig Able pf vill, 
elaſtic gum, and the thermometer has a ſmall bulb, not above. 
twenty drops of ether are required to produce this effect, and 
about two minutes of time but When the ether is of the: | 
common ſort, a. greater quaritity of it, and a longer tune, is 
necaſſary tobe employed, though at laſt the thermometer is 
A nearly as low- by its: as n beſt b 
ethigniio t bULOW DG © ps 44 > ** Js 
- In order to ftreae water by n of ates, 1 tak, 
a thin glaſs tube about four inches long and about one-fifth of. 
an uch in diameter, hermetically eloſed at one end, and put a 
little water in it,: .o as to fill! about half an inch length of it, 
as n ſhewn at QB in the figure. Into this tube a ſlender wire, 
H i alſo introduced, the lower extremity of- which is twiſted, 
in a ſpiral manner, and ſerves to draw up the ice, when formed: 
_ Thibgs being thus prepared, F hold the glaſs tube by its upper 
part Alwith the fingers of the left hand, and keep it continually 
and gently turning round its axis, firſt one way, and then the! 
contrary;; whilftwith the right hand 1 hold the phial contain»; 
ing-the ether in ſueh a manner as to direct the ſtream of ether. 
on the; outfide of che tube, and a little above the ſurface of the; 
water in it. The capillary aperture D ſhould be kept almoſt, 
in dontact with the ſurface of the tube that contains the- 
water. Continuing this: operation for td or three minutes, 
the Water will be froze as it were in an inſtant; ſince it will 
appeat᷑ to become opaque at the bottom B, and the opacity will: 
aſcend at C in leſs than half a ſecond of time, which exhibits 
2 beautiful appearatiee: This ebtigelation, however, is only,. 
ne and in order to congeal the whole quantity of wa- 


ter, 
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S water 


Ht be converted into ee, even ſuperſiciallya hence at appears 


3 Water witk an qual weight of good ther, but at preſent, 


4 - Wenne ef 

Gitte Eperttiem mult” be womtinurd on- or me ines 
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che ice. Note the bottle with the other — » a 
and toithe outfide of tht; glaß tube, hg 
ric muſt be appked for a moment, in ordeiito ſaftem the ſyn; 
— of the ice, "which adheres very firmly to tho: glaſs, o 
den polling ths wire H out of the tabe, a ſalid: ang bard, pieca 
will come out, faſtened toi ſpirakexmemitys tf [onigy 
9 70 of dhe wire IT fougctiines . put ne. Il thermo 
_ into this tube ſo as to have it in he 
With this therewomergy I have Obſferrwi 8 very 

le phenemenon, which ſeems tom ννt e e 
. Mir fate of knowledge ooncerbintg best and, 
IT that witer will freeze! in the wititer with ales. des 
6 or when, "the eas 
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] of col thin it will in the ſummer; 


| nt is hotter: for inſtates, in the winger) the water; in the 


tube AB wilt freete when the thermometer is abent 307 bus 
in the ſimmer, or den wen the ternperature of the: Abi 
here is Wout 6e riis'quichlives in the thexmames nuf be 


vt, before the — whinhforrmaridh the-ſaid.t 


hermomęef 


tat in the ſummer time a grłater quantity of ether and longer 
tin is tequired to fres 2 a given quantity of vater chan jn.the 
Winter, not only becauſe then a grenter degree of: heat is ih 
overcome, but principally becauſe in the ſummor a much greater 

ze of cold muſt be actually produced beſpte the watgraphat 
is 6t in it will afſume a fond form. Men the temperature 
PFthe atmoſphere has been about 407, I have froae a quantity 
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— and 4Þree;; 
the [attic the f nuit be uſed to rod uce the, famnertier, $19KaHn! 
; 'There!ſcins tdibe fomething in the *r hich, beh hear, 
filtbrferes with the freezing of water, and perhaps.of al Ah 
thidkgh”'F exiniot ſay fam experience. whether the alone men- 

fiotied Gillretice between the frrezing of water in winter 55 
feier, rakss" phice with -ocber fluids. a5, milk, and. other 
animal fluids; e, Wine co! Þ 1 wo on, [[ - jo 

of. 
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"©! The proportion between che quantity gf ,the ether an 
Witet' that may be-frozew by it, ſeams to; vary according to the 
ow of water z for a larger. quantity of water ſeems t. 
tel proportionaly leſa quantity af ether than a ſmaller 
qivitity of zer, ſoppoſing dbat the water, is contained in 
effiridtical glaſs veſicls ; for 1 have nat tried Whether a metal 
velll iaſtesd of u glaſs one, and whether; ſome other ſhape 
beſides tho eylindtical;, might not facilitate; the congęlation. 1 
the beginning of the fyring Hfivec! about, a quarter of an,ounce 
of water wich nearby half arivunce;weight of, ether, the appa- 
ratùs being larger though miha t that deſcribed above 9224 


— f 1 — e 
Nö as the price vf ether, ofutficzently good for , the, P vrpole, | 


is genefalty beewced eighteen:ꝑenet and two ſhillings per opnc 
plain, dt with lefs thun zwo ſhillings. a quarter of; an 
be bf ice, ur lee crm, mag be; made in every climate, and 
wary tine, wehvich mays afford great ſatisfaction to thoſe per- 
B16} who Ling i places Where no natural, ice is to be ha 

HeverJaw or taſted amy ſuch dahcous-refr n © ; oog 
cher a fall pbvte of iar, fot: inſtance, af. abgut ten grains 
1 weigh, is wanted the meceſſary apparatus is very tall, 
and che experico-of the ether not worth. mentioning. . 1 haye 
af ber] Which is four inches and a half long, two inches 


ul, and one inch and a half deep, which contains all the appa- 
| ratus 
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ly this 18 obſerved in ber th 0 
vil th ©” rhereb reufy of tlie thermotßeter, which oi 
320 in Ali Water of the tube AY, wilt ſadtienty rife, che 
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mes 35 mach 42 ten leßtere, d ue Water eee e 


2 DX * EleHrization Meran Mt " Ttrle the degree GH e 
; abe by the Io 5 fitter of ether. Having + tive 


Erified,, a If 0 t 


by df a de "the se ei A n dedupht 1 
| fc degrees 156 $ inn e former than in the latrer r e ak 
I various Peri ns 5 aße, de niced by "this ppl 
to rey epeat ſuch eXpefimients,” c as ethie T 1 u fluid Which Gat 
yith baer be preſerves, * m y be uſefuf to mention, thi 
A Cork confines ether in a "Blaſs bottle” much" better That a 
gi. topp de, Wick it is almöſt irnpol®b ' grind (wel 


| my 27 | Aa re Þ 


fe, , 
n prevent | the evaporation of ther Whetia top 


vj N * 


| ide very. nicely « out of 4 unit for ard Cloſe piece of cb, 
Which does rather, tight,” ts put Upon”! a Bottle of ether, the 
ell o of char t Aid: cannot be perteiyedt through i ; but T Geber 
LW. A Haſs ftop FT pie that could Produce” the nw effect. By open- 
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1 ſhall now. ESE a. method of purifying, Vitriol ic g 
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w 5 s EY eaſy and expeditious, though not. yery 7 profita 
This m met thod T1 learned of Mr. WINCH, Chemiſt, in the Hay- 
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"marker. | Lg a quarter of a ſtrong bottle with common 
| ether, and pon ĩt Pour about twice as misch water, then ſtop 
bs bottle, 8 give it a ſhake, ſo as to mix for a time the ether 
„ keep the bottle without motion, 

„ till the ether! 18 ſeparated from 
dhe wate v] ich requires not above three or 
5 ur minutes of t time; - e open the bottle, and keeping it alt 
inverted, let the — part of the water come out very 
gently ; ; after this the bottle being turned with the mouth up- 
wards, more water muſt be poured in "It, and in ſhort the 
ame operation muſt be repeated three or four times. Laſtly, 
| all the water being ſeparated from the ether by decanting i it 
with dexterity, the ether will be. found to be exceedingly pure. 
By this means I have purified: common vitriolic ether, Which 
gould not affect elaſtic gum, and have reduced. it into, ſuch 'A 
ſtate as that elaſtic gum was eaſily diflolved by it. Indeed this 
Purified. ether appeared by every trial to be purer than I ever 
faw i it, even when made after the beſt uſual method, and in 
the maſt careful manner. The only inconvenience attending 
this proceſs is, that a vaſt quantity of ether is loſt. Not 
above three or four ounces of a pound of common ether 
remain after the purification. As the greateſt part of the ether 
18 certainly mixed with the water that 1s uſed in the proceſs, it 
may perhaps be worth while to gut that water into a retort, and, 
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Sit of [ether Wen theſe two. aids cars; Rent hours $ 
whertas, by the-above' defcrihe« [proceſs 1the Haritrary In" 
blithed :. perhaps hel ' ther, is, kept in; coptaRt, ih 
water for 4 long time, the Phrft part, of; it. aN pte U 
be loſt, becauſe the ether may, he vomliig e woich, and, may 
fetain ſome water in itielf, zt che fame time that the; Water 
combines with and retains ſormt sther, wha exeas-the. caſe may, be 
difſexeut when the ether is quickly waſhed in! Water,, add A 006r 
medlately after ſeparated fon it: but in reſpecg. ra Ts T bays 
zer dot made Any oxperimetits, ſo as to be able tw decide 
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F Tur abe and EO RT on the. 0 1e 
thods hit ofed for inveſti gating the ex] aſion of quick- 
Fleer, of its increaſe of bulk when rarified by, # given, * 
of heat, deterthined me to contrive ſame. method by which 
25 Bange might be effected with. more cextginty: and prei· 


After various experiments 1 hit upon the 7 9 Me- 
| eh which to me ſeems both new and cee of Best wer 


= Ac >. hugh in lun may by deceived. E a a 
_ Beſt; having blown a ball to a apillary tube, "foo as are 


r uſed for thermorneters, 1 weighed it, and RD Fr th 

this. empty thermometer Was equal to. 79,25 grains. "Ip 

Fa plas previous to ts Pen oben | Was roo] ed as pe 
feltly 
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e ga 
folly Hleatr 45 -pofible, Which'is' a nebeffury preceutiont in this 
experiment, which depends upon a very greit aecuray:of 

6 Then I. introduce! b morcery into theben of 
Me thermdtiwtcr, taking care'that none of ir entered die ball, 
uit by dap ting a ſcale of inches to the tube, obſervedi that 
inches lengthiof the tube was filled with the mercury. Thie 
thettrlometer was now 'weighed' again, and from this weight, 
the weight of the glaſs" found before being ſubtracted. the re. 
matidet, vis, 0/24 gr: ſhewWed th e weight of ſo much quick» 
flver as ed 13 inches: of the tube. Now the ball of the 
chertnometer, atid alſo pert o the tube, were intirely filled 
with quickſlver: chen. in order to find our the weight of the 
dercury contained! in it, the thermometer was weighed for the 
iſt time, and from this weight the weight of the glaſs: being 
ſubtracted, the remainder, viz. 3205 grs. ſhewed the weight 
of the whole quantity of quicktlver contained in the ther- 
mometer. 
By compariſön With 4 gradbited thermometer in 1 cold 
water, I made C ſcale to the new thermometer according to 
PahHE NET 3g" ahd by a pplying a feale of inches found; That 
thi Yeny «oh UE 20˙ in NA beate was equal t. to 1,33 inch. Bur 
B, 1 gf. the weight of ſo much mercury as fi lle# 4, 43 
Jachss lent f the tube; "therefore, by the rule of propor- 
tion it will de found, that che weight of fo much quickfilver as 
ills 2,5 inch of the tube, vis, the length of 20˙ 18 equal to 
65,0 0942 Ba nearly, and that the weight of io much quickbtyer 
Ly fills the len h of the tube t hat | is equivalent o olie deg 
75 to 0500 37 71 gr. Now it is clear, that che weight pf the | 
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1 e quantity © bre contained! in the thermometer * 
e wei ht off {6 much. quickfilver' 4 Hills the length of one 
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ar 4 Sith the; | 
part of ether when the r fluidg arg Kept hog! 
whertas, by the abeve deſcribed |proceſs;\the ert A 
butbed: perhaps hen ether, 3s, ert His gaptat, rai 
water, for 4 long time, the Phreft port, of; K. 043; bs 8 
be left, betauſe the ether may! he yombiped wich, and, may 
retain fore. water in itſelf, at the fame. t time that the; Mater 
combines with and retains ſorne ather, whereasthe caſe may, be 
different when the ether is quickly waſhed in water, ;a0d is us 
nediately after ſeparated fon it: bot in refpeft d this I have 
yet not wake any neee Þ as to be able to decide 
be meter. 1 Je Ilg. wy 4 Jr! u ny on, f, IS IS 77 fal 
e 1 4 2 £0191 off [4 n 55 Srudul 
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leer or its inereafe of bulk When rarified by, given, | 
If heat, determined me to contrive lone method by x which 
this purpoſe might he effocted with more oertginty "md prpei· 
Bed., Alter various experiments 1 hit ypon the. follow! Howing Me- 
thod, which to me ſeerns both new and capable of gion: wer 
. though in this I may be decrived. 10 1 — 1 57 
7 it; having blown a ball to a gapillary tube, weh EO are 
 commotily uſed for thermometers, L weighed it, and found that 
this empty thermometer Was equal to 79,25 50 TP 
Far glaſs previous to its: — weighed was rendered 1110 
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 vxperiment, which depends. upon a very greht auf f 


C ²˙ P. mprcery incoherent bf 
this thopindtiieter, taking care ctiat none of it entered die bath, 
mitt, by adap ting u ſcale of inches to the tube, 'obſereed: that 
inches lengthlof the tube was filled with the inercury. Thie 
thettilometer vas now weighed! again, -and from this weight, 
the weight oF the glaſs” found before being ſubtracted. the re- 
Hifidet,” vis 0/24 gr. ſhe wd th the weight ef ſo much quick» 


flver as Fed 4:3 inches of the tube. Now the baliof the 


thermometer; atid alſo pert of the tube, were intirely filled 
with quicklilver': then, in order to find out the weight of the 
derchry contsined! in it, the thermometer was weighed for the 
laſt time, and from this weight the weight of the glaſs-deirig 
ſubtracted, the remainder, viz. 3205 grs. ſhewed the weight 
of the whole quantity of quickſilver contained in the ther- 
mometer. 

By bompafifon with 4 graduated thermometer in bot ind cold 
water, I made a ſcale to the new thermometer accordin ng to 
FAhAENnETT S, and by ap ap plyiig a ſeale of inches found; That 
e Jen th of 20% in 5 25 was equal to 1,33 3 inch. "Bux 
5,1 5 was the weight of ſo much mercury as fill ed 4. 4:3 
Jaches length. of the tube; therefore, by the rule of propor- 
tion it will be found, that rhe weight of fo much quickfilver as 
Hlls 1. 33 in nh of the tube, vis, the length of 200 is equat ty 
$6542 gr. neatly; and that the weight of fo much quickbtver 
45 fills the len h of the tube that | is equiralear to ohe deg 
18 eq bal to 07 50 37 71 gr. Now it is clear, 

Who e quantity y © b eher contained 1 in the "thermogheter 1 
45 the weight of ſo much quickfilver as 1 fits the len th of one 
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therfame whole quantity of -quickhlyer: ac uifes! whrarheaper 
of Þufnt 5: mi 22085640 0,00g7 Hgrdavifiond djoodaeeg 
Siahatiby this experiment it appears, that-z* of Bannurare's 
thermometer, increaſes the. hulk c ercury not abeve.gy3.gicuthe 
parts. In this proceſs a ſalt deviation. from mhatheradthoxt 
cugctneſs is occaſioned by.;thdr{mell.,diferende 06:wieighttbe- 
tyween the quickſilver of the tube hen fart weighediandbwhixr 
it ig afterwards heated, to. 1 but by anicaſy calorijation! ft wilt 
be:found, that this difference is ſo.cxceedingly ſmall as not boch 
perceived by oux, exateſt weighing and meaſuring toſteuinents; > 
For clearneſs ſake I ſhall ſubjom the palculation'ofl ha above 
related experiments, di ſancumbered fromm words. '2:Herenvh- 
decicals are not computed. to. wee. autbety-ntbeing 
ubpegeflary for m en, Aiup to rien 2 Yo gt 


Weight r the glals, T5 3+ 25 311 iow 543 * m 20 '} 5955 10 ri2Q at 
Weight of fo much 7 2k as ale 4 nn W 
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Lain 1+33 feht, 
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Vor ioo Yo vnd — 
9 4 20" o,o 22 * > 0,8371 1 
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occaſioned by one degree of heat. * *? 8 panda 2 65 att ar 
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Having repeated this experiment 5 with other t e ee 
21467 ſinilar calculations, each proceſs ge t U tele, q 05 
If 5 Sp 


feretit from the 6thers, 12 | rregula city is "ceitainh v 510 
to the ihperfeQtion n of my ſ cales, whit ch are not of the ni igeſt it. 
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g — batls/of ie 
partes win H che but of . Qlinitity of quickhilver ff We 
temperatuseef 5 is qua to 100, Be chibi itiched, the Gül 
ears fape-quintiry ot dick bete it the termperatütg uf 5 
wilhbe:equatto:x06,659/cuble CHs. 
--It: dg abmoſt ſuperſtseuë to trtetniow, chat che cavity of the 
twehts/<mployed.; for 'theſs experiments, muſt be perfeRtly un- 
rm ythrocghoht Tlie fchles to be uſed Ff this" tiethock 
gold be ſo laat ag to be turhed by the hündredth paft f 4 
gram rhei charged with about Half an once wWeighlt. 
-\Bdom.'thoſecobſervations the 'mictholt of gradiiting; ör of 
determiting the length of à degree in 4 new thermometer, ig 
cafilyrideduced; the only requiſites' for 'the' calculation being the 
weight of a quantity of quickſitter; Which fills" a ee 
5 of the tube, and the weight of the whole quantity of 
nber contained in the thermometer when filled. Sup 
— for ide, that i in making a new thermometer, I 
be Wund, that the weight of fo much quiekvleer. as fills. fire” 
: inches + "of the tube is ; equal to ten grains, and that the. 
git of the whole quantity of 'quickſilier contained! in, ther 
e weighs 300 grains. It Is plain, that, if the 
whole quantity of quick Iver. 'welghs : 300 grs. r 
of x muſt weigh 0,027 gr. But the weight e of ſo much mer- 
cüty a8 Hills five inches of the tabe i 18 equal. to ra grains. 9 
therefore, 0,927 gr. 5 8 quickſilver muſt fill. 0,01 33 
ine rof t e ti tube, and this 1s equal 1 to the length of 1 or the. 
double, treble, We. of it is equal 1 to two, three, Kc. degrees: 1 
AN this n mean s the feale ma) ay. be made x that is, it may; be, 


ed inte de nee „ but the Humbers care be added tothe 
degrees correſponds with tle 
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311 . TRE, determination of the.xariousdegroen.of; heat: HW 
by bailing x water, under different preſſures of the atmotphers; 
has been attempted hy various perſons, : but it, was. lately com- 
pleted by the accurate and numerous experiments of Sir œαπαποναν 
SHUCKBURGH, member of this Society. His valuable paper. is 
inſerted in the LXIX th vol. of the Phil. Trans. Upon ni 
Fring this paper, thought it. poſſible to conſtruct a thermo: 
meter with proper apparatus, which, by means of boilingawap 
ter. might indicate the various gravity of the atmoſphere; ' wi 
the height of the barometer. This thermometer, tagether 
with the ſuitable; apparatus, might, I thought, be packed iſito · d 
ſmall and very portable box, and I even flattered myſelf; chat 
with ſuch an inſtrument the heights of mountains, &c. mighe 
perhaps be determined with greater facility than with the G 
mon portable barometer. My expectations are far from having 
been diſappointed, and although the inſtrument which I have 
hitherto conſtracted has various defects, I have, however, 
thought of ſome expedients which will undoubtedly render it 
much more perfect; 1 ſhall then preſent to this Society a 
more particular account of it, and alſo of the experiments 
which I intend to make with it. The inſtrument in its preſent 
ſtate conſiſts of a cylindrical tin veſſel, about two inches in 
diameter and five inches high, in which veſſel the water is 
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| . which may be made to boil, by he flame of a g= 


az candle. The thermometer is faſtened; ta the tin yeſlel 


in ſych. 2, manner 38 that. its bulb may be about one inch above 
the bottom. The ſcale of this thermometer, which is of 


braſs, exhibits on one fide of the glaſs tube a few degrees of 
FAHRENHEITT's ſcale, vis. from 200” to 216*%09 On the other 
ſide of the tube are marked. the various barometrical heights, 
at which the boiling water ſhews thoſe particular degrees of heat 
which are ſet down in Sir G. SHUCKBURGH's table. With this in- 
ſtrument the barometrical height is ſhewn within one-tenth of 
an inch. The degrees of this thermometer are ſomewhat longer 
than one-ninth of an inch, and conſequently may be ſub- 
divided into many parts, eſpecially if a nonius is uſed. But 
the greateſt imperfection of this inſtrument ariſes from the 
ſmallneſs of the tin veſſel, which does not admit a ſufficient 
quantity of water: and I find, that when a thermometer is 
kept in a ſmall quantity of boiling water, the quickſilver 
in its ſtem does not ſtand very ſteady, ſometimes rifing or 
falling even half a degree; but when the quantity of water is 
fafficiently large, for inſtance is ten or twelve ounces, and is 
kept boiling in a proper veſſel, its degree of heat under the —_— 
e * the 2 is very ſettled. 
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ROYAL SOCIETY 
From November 1780 to July 1781; 
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The NAMES of the DONORS. 


Donors. Preſents, 
1780. 


Nov, 9g. Academy of Sciences at Paris. Memoires de Academie Royale des Sci- 


ences, pour 1773, 1774, 1775, 1776, 
| 4? 
Recueil des Machines approuvees par FAca- 

demie, tom. 7. 4 
Commentationes Societatis Regiæ Scien- 


Society of Sciences at Got- 


tingen. tiarum Gottingenſis, vol. 2. 4? 
Arthur Young, Eſq. - A Tour in Ireland, in the Ter 1776, 
1777, 1778, 2 vols. — g® 

Mr. Henry Clarke. A Diſſertation on the Summation of infi- 
nite converging Series, with Algebraic 

| Diviſors, tranſlated from the Latin of A. 
M. Lorgna, with Notes and Obſerva- 

tions. 22 

‚ The Rationale of Circulating Numbers. 8⁰ 

— Practical Perſpective, vol. I. 8 

Dr. Forſter. Chemical Obſervations and Experiments 
| on Air and Fire. g® 

John Bernoulli, Supplement au Recueil pour les Aſtrono- 
mes. 8* 

Mr. Magellan. Genera Plantarum vocabulis CharaQeriſtcis 

definĩta. a” 

Board of Longitude, The Nautical Almanac for the Year 1785. 87 

Nat. Gott. Leſke. Anfangſgründe-der Naturgeſchichte, erſter 


theil. 8* 
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Donors, 
1780 
oo" 9. Nat. Gott. FP: *q 3 


* 23. Mr. Nichols. . 


"T :* 1 9 4 bh TA 
Edward Johnſton, M. D. 
Dee. 7. Society of Sciences at Upſal. 


Royal Academy of Scienees 
at Stockholm. 
Prof. Zimmerman, 


Mr. Giral. 
21, Mr. Phil. Hurlock. 


Mr. Le Baron de Marivetz. 
Mr. Nicola. 


1781 
Jan. 11. Mr. Hope. 


Mr. Gough. 


2 Se Mr. W. Wales. 
Feb. 8. Andrew M. D. 
Dr. Du-Pui. 


Dr. Caldani. 
22. Palatine Academy. 


Mar. 1. Mr. John Landen. 

15. Edward Waring, M. D. 
Mar. 22. Thomas Pennant, Eſq. 
Apr. 26. Seguin Jackſon, M. D. 


1 } 


Account of a Species nee beeeds 


Bs 7 » 


Preſents, - 


in the Head of. Sheep .:- 8⁰ 
Bibliotheca Topographica Britannica, Ne I, 


od 15124 x 4 

Newlfnnom 1 2 — et 
Imperatricum Series et Valor, a Rogero 
Gale. : 4® 
Diſſertatio Medica de Febre puerperali. 4* 
Nova Acta Regiz Societatis Scientiarum 
Upſalienſis, tom. 3. 4* 
Tranſactions of the Royal Au of 
Sciences of Stockholm ſor 1779. 4* 


Praité de VElaſticite de Eau et d'autres 


Fluides, | 1 
Memoire fur les Conſtructions des Ponts. 4 
Commentarii de Rebus in 8 

et Medicina Geſtis, 21 vols. Lipſiæ. 
Phy ſique du Monde, par Monſ. le Baron A 

Marivetz et Mr. Gouſſier. 4* 
Franci Nicolſiĩ vita, ſcriptore Toma Law- 

TEnCE.. 4 


The Second Part of the 16th vol. of the 
Tranſactions of the Academy of Sciences 

of Haerlem. 8® 
"Travels through Spain, by John Talbot 
Dillon, Knight and Baron of the Sacred 
Roman Empire. 4* 
Enquiry into the preſent State of Population 
in England and Wales. 9 
Heads of Lectures on the Theory and 
Practice of Phyſic. 8 


Diſſertatio Medica de Homine dextro et 


finiſtro, g® 
Inſtitutiones Phyſiologicæ. 82 
Monitum ad Obſervatores Societatis Me- 


teorologicz Palatinæ. 4? 
Obſervations on converging Series, $2 
Proprietates Algebraicarum Curvarum, 4“ 
Hiſtory of Quadrupeds, 2 vols. 4? 
A Treatiſe on Sympathy. go 


Donors 


Donors. 
1781. 


May 10. Thomas Pennant, Eſq. 
24. Mr. Gualandris. 


Mr. Thorowgood, 
Mr. Peter Dollond. 


31. Board of Longitude. 


— — — 


Rev. John Howlett. 


Mr. Frederick Mallet. 


June 14. Richard Paul Jodrell, Eſq. 


Sir Richard Worſley, Bart. 
Dr. Prieſtley. 


Dr. Pulteney. 


Mr. Thomas Heary. 


28. Mr. Heoefar. 


Alexander Dalrymple, Eſq. 


Dr. Simmons. 


July 5. John Elliot, M. D. 
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Preſents. 


Genera of Birds. 4 
Lettere Ode poriche. go 
A Deſcription of a new Watch Key, 8 
An engraven Portrait of the late Mr. Dol- 
lond, F. R. 8. 
The Nautical Almanac for 1786. go 
Tables requiſite to be uſed with the Nautical 
Ephemeris for finding the Laticude and 
Longitude, i: 2p 
A Sexageſimal table, exhibiting at fight the 
Reſult of any Proportion where the Terms 
do not exceed Sixty Minutes, with Pre- 
cepts and Examples, by Michael Taylor, 4* 
An Examination of Dr. Price's Eſſay on 
the Population of England and Wales. $* 
A mathematical Deſcription of the Earth, 
and Eight Mathematical Theſes's. 
Nova Analyſis Aquationum Secundi, tertii 


et quarti gradus. 4 
Iluſtrations on the Ion and Bacchz of Euri- 
pides, 2 vol. go 


The Hiſtory of the Iſle of Wight. 4® 

Experiments and Obſervations relating to 
various Branches of Natural Philoſophy. 4* 

A general View of the Writings of Lin- 
næus. g® 

Account of a method of preſerving Water 
at Sea from Putrefaction, and of reſtoring 
to the Water its original Pleaſantneſs and 
Purity. 

A ſpecimen of Sal ſedatirum Naturale 
Etruſcum. 

Two Maps of the Eaſt India Company's 
Lands on the Coaſt of Coromandel, toge- 


ther with an Explanation. 4® 
The Elements of Anatomy, and the Ani- 


mal Economy, 2d edit. 8⁰ 


A complete Collection of the Medical and 


Philoſophical Works of John Fothergill, 
M. D. | 3® 
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TO THE 
SEVENTY-FIRST VOLUME 
OF THE 
PHILOSOPHICAL TRANSACTIONS. 


A. 


CETOUS acid. See Kirwan. 
Acids, It is harder to find the hen of ecricies wh R0vigticite Aces hs 
mineral acids, and why, p. 33. 

Adair, James, Eſq. amazing effects of _ on, p. 42. 

Adanſon. Mr. See Smeatbman. 

Adfefed Equations, See Stanhope, Wales. 

Air. The abſolute weight of many ſorts of, accurately ase by Mr. Fontana, 

p- 9. Of its ſpecific gravity an its fixed ſtate, p. 33. See Kirwan, 

Aldrovandus, Draws his arguments, in relation to the Turkey, from the ſame fouree 
as Belon, p. 73. 

Alzebra and Geometry, Really but one ſcience, differently treated, p. 457» 

Alkali, fixed vegetable. See Kirwan. 

Amazons, river. Its medium rate of motion nearly equal to that of the . p- 93s 
The tide perceptible there boo miles, p. 109. 

Angles, Taken at ſea by Hadley's quadrant, p. 396. See Atwood. 

Auimali producing Cold. See Crawford. 

Antelopes and Ghazels, about twenty different kinds of, to be found in Africa, p. 1. 

Aſtronomy. No ſcience has advanced ſo near perfection, in ſo ſhort a time, ſince the 
invention of the telefcope, p. 115. 

Athen@us, his account of the Meleagrides, which Belon miflook for the Turkey, p. 73. 

Atwoo \'» » 


i» \ - 


Utwood, George, M. A. his general theory for the menſuration of the angle ſubtended 
by two objects, &c. p. 395. Tables for taking the diameter s of the fun and — 
l.. : —— 
Ava, river. Suppoſed to be the ſame with the Sanpoo, p. 111. But i is not, p. 112. 
Aurora borealis. See Cavallo. 
Aurum fulminans. See Thompſon. 


* 


bd Fx B. 

* * "8 1 ; 

Battle powder, double proof, is better than government powder, p. 304. Why fo 
called, ibid. 

Barker, Thomas, Eſq; his waiter of the barometer, thermometer, and rain, at 
Lyndon, in Rutland, 1780, p. 351. 

Baths. See Crawford. 

Bellonius. The firſt who deſcribed and co” a 3 of the Ophidium, p. 436. 

Belon. Is the earlieſt writer who 1s 2 ** that Turkies were natives of the old 
world, p. 22 

Bengal. Difference . the inundations there and thoſe of the N Ile, p- 104. See 

Rivers, Monſoons. 

Bergman, Mr. See Chemical affinities. 

Beſchan, an Indian deity. The ſame with Viſtnou, p. 8g. 

Bird-lime. A fort ſtrong cnough to catch peacocks and the largeſt birds, how made, 
p. 376. 

Births, deficient, p. 362. 

monſtrous, 362, 363. 

Blagden, Dr. Charles. On the heat of the water in the Gulf-ſiream, p. 334+ Deſcrip- 


a 4 


tion and cauſe of that ſtream, ibid. Its water at leaſt fix degrees hotter than the ſea 


into which it runs, p. 337. Great advantages may be derived from the thermometer 

in croſſing that ſtream, p. 342. Method of determining its velocity, p. 343. 
Advantage of determining with 8 the time when a 6 op eaters that ſtream, 
* 344» 

Bland, Dr. Robert, his midwifery reports of the Weſtminſter General Diſpenſary, p. 
355. His method of keeping the regiſter of midwifery patients there, p. 356. 
Table of difficult and fatal labours, and natural ones, p. 358. etſeq. See Puerperat 
fever. Table of the proportion of male and female children, &c. p. 362. Table 
of the ages at which women begin and ceaſe to be capable of bearing Children, p. 
365. Tables of the number of children borne by 1389 women, &c. p. 366. Wo- 
men of the poorer claſſes are exceedingly fertile, but cannot rear many children, 
and why, p. 367. Table of the chance of life from infancy to twenty-ſix years of 

age, p. 369, Comparative table of the population, &c. p. 370. See Hoſpitals. 


Bore, 


5 

E. * word explained, p.113. Prevails in = Fare N 6 the Ganges, 

Bias, An Ales one of light wood Silt e a light arrow with grocer — 
than a ſteel one of the ſame ſtiffneſs, p. 313. | | 

Braſs ordnance. Eaſy and effectual remedy for the running of their vents, p. abs. 

Brereton, Owen Saliſbury, Eſq. his account of a ſtorm of lightaing at Ealt- bourne, in 
Suſſex, p. 42. | 

Briftol Channel, the expediency of correct maps of, p. 248. 

Broufſonet, Dr. P. M. Auguſtus, his account of the Ophidium barbatum Linnei, p. 

436. That fiſh not unknown to the aneients, ibid. Has only two cirri, but-beiog 

divided they appear as four, p. 437. The different ſpecies of, diitinguiſhed, p. 

438. Deſcription of that ſpecies here treated of, p. 439. Method of meaſuring 

employed to determine the ſpecies, p. 441. Utility of that method, p. 444. 

Method of taking the poſition of the fins, ibid. The ſcales deſcribed, p. 445. 

Anatomy of the Ophidium, ibid. The male not to be diſtinguiſhed trom the female, 

p- 447. Its ſize, and where to be found, ibid. See Bellonius, Rondeletins, Kleinius, 

Buffon, Count de, his method of diverting the cvrrents of rivers, when bridges or 
other buildings are endangered thereby, p. 97. To what he imputes the increaſed 
velocity of the current of the Ganges near the ſea, p. 109. 

Bullets, See Thomp/on, 

Burrampooter. See Rennell. Etymology of that name, p. 87. Is larger than the 
Ganges, p. 88. 111. Source of, p. 110. Its courſe deſcribed, ibid. Bears a near 
reſemblance to the Ganges, except in one particular, p. 112. See Megna, Sanpoo. 
Was unknown in Europe as a capital river till 1765, p. 111. Is the ſame with the 


Sanpoo, p. 112. 


C. 


Cambridge, in New England. See Willard. 

Cat, about nine different ſpecies of, in Africa, p. 1. The beſt method of dividing 
that genus of animals, p. 2. See Antelopes. 

Cavallo, Mr. Tiberius, his account of a luminous appearance in the heavens, p. 329. 
Reaſons for its not being an aurora borealis, p. 330. 

— His account of ſome thermometrical experiments. &c. p. og. By 

the evaporation of ether water may be congealed, and the thermometer brought 

below the freezingpoint, p. 511. The cold produced by it ſeveral degrees greater 

than that produced by any other of the moſt volatile-ftuids, ibid. Obſervations on 

the cold produced by other fluids, with the method of applying them to the ball of 

the thermometer, p. 512. Experiment on water, ibid. Experiments on ſpirit of 

wine, ſpirit of turpentine, and various other fluids, p. 513. Experiment to deter- 

mine how much electrization could increaſe the evaporation of ſpirit of wine, and 


conſequently the cold produced by it, ibid. Apparatus contrived for uſing the leaſt 
obe 


— — . — — 


a 6 ] 
———— of, ether i freezing. water, &c. p. 614. Medind. by which the 
. mercury, in the thermometer was brought down to 29 degrees below. the, frerzing 
Point, hid. Method. of freezing Water buy dhe evaporation of ether, p. 546 A 
. greater quantity of ether and longer time are required to freeze water in winter than 
in ſummer, p. 516. The proportion between the quantity of the ether and of che 
«water that may be frozen by it, ſeems to vary according to the quantity of water, p- 
817. A ſmall apparatus for making ice in hot climates, p. 58. Electriastion 
"Increaſes very little the degree of cold produced by the evaporation of ether, p. 618. 
Cork preferable to glaſs ſiopples for confining ether, ibid. Mr, Winch's eaſy and 
expeditious method of purifying vitriolic ether, p. 519. Inconvenignce attending 
that proceſs, ibid, The common opinion, that water combines with the pureſt part 
of ether, when thoſe two fluids are kept together, refuted, p. 520. Experiments 
relating to the expanſion of mercury, ibid. Method of inveſtigating - the expanſion 
of quickſilver, or its increaſe of bulk when rarified by a different degree of heat, 
ibid. Apparatus for that operation, ibid. Method of making the ſcale for" tr, 
p. 521. Calculation of the above experiments in decimals, p. 522. © The ctv 
of the tubes employed in theſe experiments muſt be perſectiy uniform throughout, 
p. 523. How to determine the boiling or freezing point on the ſcale, p. Fel. 
Deſcription of a thermometrical barometer, ibid. The determination of the various 
degrees of heat ſhewn by boiling water under different preſſures of the atmoſphere 
completed by Sir George Shuckburgh, ibid. Probability of conſtructing a thermio- 
meter, with proper apparatus, which, by means of wes | Wer, 2 — 


the various gravity of the atmoſphere, ibid. * 


X v2 6s % <9} I £2DQG US ad, 
Chillen. See Bland, Wright. - 


Chudaah river. The only ſubordinate branch ba the SN which is at at ume, 
navigable, p. 92. 


Chymical affinities. The doctrine of, hath been lately much improved by Mr. Beten 


of Upfal, and Mr. Wentzel, p. 7. 3 g 
Cecebus Lacca. See Kerr, $f OY 
Cold. See Herſchel. 

Coſe, a river equal to the Rhine. Variation from its former m_— P. 97. 


 Cofſimbuzar river. See Hoogly. 


Couy's head, A remarkable rock, p. 89. 


Crawford, Dr. Adair, his experiments on the power that animale, when * in 


certain circumſtances, have of producing cold, p. 479. See Fire, That animals 
have, in certain circumſtances, a power of keeping themſelves at a lower tempera- 
ture than the ſurrounding medium, was a diſcovery referved for the induſtry of the 
preſent age, p. 483. Which was compleated by the experiments of Dr. Fordyce in 
heated rooms, ibid. Various opinions concerning, the cauſes of the facts eſtabliſhed 
by thoſe experiments, p. 484. Account of thoſe experiments, ibid. Experiments 
made on frogs, to dGlcorer with greater certainty the cauſes of the, refrigeration in 
2 the 


1 

| the above expifiments, ibid. Experiment on 4 dag in witer abowe We Habdurd 
oſ its natural hear, p. 487. By which # remarkable change . was-prodyced in che 

appearance of the venous blood-of the atimal, p. 487. Experiment on ariother in 
| hot air, ibid. Opinion of Mr. Wilſon, of Glaſgow, concerning the effect produced 
by external heat upon the colour of the venous blood, p. 488. The true cauſesof 
| the cold produced by animals in a medium above their natural heat explained, ibid. 
Experiment on a dog immerſed in water much under its natural heat, p. 490. Why 
animals preſerve an equal temperature, notwithſtanding the great variations in the 
heat of the armoſphere, * Pe 497- The effects deat once 
Catler, Mr. See Willard. 1 nee an I 
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Death-wvatches. Sappoſed to have wings in their perſect ſtate, p- 8 
Delis. See Ganges. | 8 


Dipping-needle. See Meteorological Journal. 
Dobjor, Dr. Matthew, his account of the Harmattan, a Gagular African — p- 46. 


Deſcription and fituation of the coaſt where that wind prevails, ibid. Blows from 
the N. E. p. 47. Always accompanied by a fog or haze, ibid. Which does not 
extend above four or five leagues over the ſea, though the Harniattan is plainly Tele 
ten or twelve, p. 48. Extreme dryneſs, Which greatly injures all the ak, e 
the earth, is another conſeqquence of this wind, ibi. Surprizing effects of at dry - 
nen on books, furniture, floors;” ſhips,” Kc. ibid. And on r 2. 
"Experiments made thereon wih falt of tartar, p. 50. Table of thermometric 
obſervations on, p. 51. Derivation of its name, p. 52. Iu bios ea. op th 
human ſpecies, p. 53 Conittibutes much to the cure * ulcers and cutaneous 
eruptions; p. 54. Nature of the-foil where ic prevails, pe 88. Probable Tource of 
my wind, ibid. ated Fe 
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K See Penngn, Tg | 


£nglefield, Sir Henry C. Bart. his account of the wren of the flat opening 
well at Hanby, in Lincolaſhire, p- —_—. tc; | fiery 548 4 
Eprougettes.. See Thompfen. —_— £ 


Ether, Is the molt volatile fluid we are acquainted wich, P- 511. * 
2 | 4 
As a nation on the Gold Coaſt of Guines. Their manade of | dividing the n 
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« bold eunjectures, p. 4796 The profound veneration wich which they comemplated 
* cngeruing #; ibid. Om the revival: df linerature che nature of it began very ſoon 
+ 0 engage the attention of philoſophers, p. 48 . Difficulties attending a philo- 
phical inveſtigation of it, ibid. The e taken towards the cultivation 
of this branch of ſcience, ibid. We ee bn el e. 
Ei. Vaſt quantities thrown on ae dry ſea ſun at RENE Peng 
p- 384. Conjefture of the cauſe of that phenomenon, 'p+ 7. una I % Nn 
Flies, Their uſefulneſs in deſtroying putreſcent matter, p. 149. l 
Flaadi of the tropical rivers. Probably, next to e a m 
tions in the face of our globe, p. 10. | — 
— Mr. See Air. | _ Ne 
Fordyce. See Crawford. 3 * 
Forfter, Dr. John Reinhold, ks natural hiſtory, Ke. o& * Tyger-cat of the Cape 
of Good Hope, p. 1. Similitude between that animal and the Nſuſſi, p. 3. Aud 
our domellic cats, p. 4. Deſcription of, ibid. Dimenſions of, p- 6. See Pennant. 
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| pe 87. "Fabolops. account of the 
> bo. | Its courſe defer; ed, io which 3 Ba receives rivers, ſome equal to the 
a te than the, Thames, Ibid, Exceeds the Nile in magnitude, 
"not. in 1 length, p. 90. Different widths and depths of, p- 91, Though in 
1 7 fordable, the nayigation is never intexrupted,,. but the principal branch 
"<annot be entered by large veſſels, 1 ibid. Commencement of the head of the 
"Delta, Which is more than twice as large as that of che Nile, ibid, The part of the 
Delta bordering on the ſea deſcribed, P. 92. Width of the Ganges at its junction 
"with the ſea, p. 93. Medium rate of motion of that river, ibid. Its greater or 
less velocity, to what to be attributed, p. 94. The gradual change i in the courſe of 
that river accounted for, p. 95- And the flackneſs of the tide, ibid. Decreaſe in 
the breadth of chat river in nine Years, p. 96. Various alterations i in the a ce 
of, 99. TING proof of its wandering from one fide of the Delta to the 
other, pz 162. Its annual felling and overflowing explained, p- 103. „ Sen ſhews 
itſelf by the graſs, &c. on its banks and its rapid muddy ſtream, even " when the 
inundation becomes general, p. 104. Particular tracts of land, which require le leſs 
' moiſture,” #re defended from the inundation by dykes, which do not always ſucceed, 
and why, p. 105. The tide totally loſes its effect during the ſwoln Kate of the 
river, ibid. Manner of navigating the river during the inundation, p. 106. Table 
of the [gradual increaſe of the river and that of its branches, ibid. See High. 
Chundaah, Iſlands. Medium of that increaſe, p. 107. The inundation is nearly at 
« * for ſome 9 begins to run off, and why, ibid, Particular cireum- 
F ſtance 
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- . | ſtance: attending the increaſe of the Ganges, wich dhe ſalu tion Genset. . 408 
i>-QhyjeRion: to that ſolution. anſwered, p. 100. See be, © Quantity: of water diſ 
charged by that tiver ina ſecond of time, p. 170. See Hg.. 

Gufrer. — —— 
—— MK „ r e en een Ho gn aft fi4 346 2 V 

Sharet. Set Antrlopes. 
_ Grogrh,: a river of India, x b. 91. s 
(Gear, the ancient capital of Bengal. — 
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Gowmooky. See Cow's Head. Vo} oe oh 
Guinea Graſi. Its quick growth, p. dſo: 

Guif-fiream. See Blagden, | * 

Gum. A medicinal on, procured from the fbr, very Gia ts gum laces, 


p. 376. 
Gum lacca, See Kerr. 374, - 94 
Guaduch, a river in India, p. 91. 1 Ts . i 
— See Tbonpſon. 
. a remarkable African wind. See Dobjon. 
Herſchel, Mr. William, his obſervations on the rotation of planets round their avis, 
made with a view to determine whether the earth's diurnal motion is perfeftly equa- 
. ble, Fr 126. The, diurnal rotation. of that planet round its axis has hitherto 
eſcaped the ſcrutiny of obſervers, ibid. See Tir. pieces. His obſervations on Jupiter 
a 55 in, 1778, p. 121. Ditto in 1779» p. 123. Ditto on Mars, 1977, P. 127. 
110 in 1779, p. 128. The reſult of the foregoing obſervations examined, p. 12g. 
is reaſon for preferring ' White's Ephemeris to the Nautical Almanac, p. 131, | His 


nd 


"obſervation of the eclipſe of the Sun at Bath, June 24, 1778, p. 138. His caleu- 
- laed r concerning the appearance of a remarkable dark ſpot on the dif 
of Mare, ibid. 


His account o A comet, p- 492. Table of Fi markers of 
the « comet's diameter, p- 494+ Table of the diſtance of the comet from certain 
teleſcopic fixed ſtars, p. 496. Table of the angle of poſition of the comet with 
1 to the parallel of declination of the ſame teleſcopic fixed ſtars, meaſured. by 
, à micrometer, p. 497 · Miſcellaneous obſervations and remarks, p. 498. Remarks 
on the path of the comet, ibid. The method of tracing out the path of a celeſtial 
| body by taking i its diſtance. from certain ſtars, and the angle of poſition with regard 
10 thew, cannot be expected to be completely juſt, p. 498. And why, p- 499. Part 
of a letter from M. Meflier to Mr. Herſchel, concerning the ſhortneſs of the ume in 
which he diſcovered the motion of the above comet, ibid. Deſcription of a micro- 


meter for taking the angle of poſition, p. 500. by | aa 
4 A 2  Homberg, 
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Ages: 
% riggr.(zhe. post of, Galgtaa) Is formed by the junction of the: Coflimbwrar:und 
.. Jellingby;; the —— — ͤ— IO 
et ur accoubred ſargnibide ». > wil riomdngd 23: no lets aldaroget bon no 
Hyſpiggh... Great political advantages maght be derived — adding to their regiſters 

of patients the places of their births, 356. ee NN \nwnyg) 256 -.@+ 
Hur, Mr. William, his eflay. on a new: method of applying che ferew; . 5. A 


method of applying the {rowlenplained, p. 59 And — Nag 
method, p. 60. 
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Wh. Charge in the fituation of de cer os thavriver i 
eleven years, p. _ rad 290 | 4 Ln 

Inland navigation. See Rivers,  _. . „ A nado[ Gol 

und. Extenſive new ones formed in the . much iter 
time than a man's liſe, p. 100. And old ones ſwept away, p. 100S9Ü¹·vt. ons 

Funnah. The firſt river of note which joins the Ganges, p. 91. 

Jupiter. Method of accounting for the irregularities of his revolutions, p. 118. See 
Herſchel. | . EY | 
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Tellinghy river. * 


A ; Mr: Jawes, bis en ee e 0 dees Mb which hcheediiths i: 
Zum lacca, p. 374. That inſect defcribed, ibid. Its change, p. 375; Gum latea, 
ho produced, ibid. The eſfects che infects hare on the branches where they ix; © 
p. 326. Gum lacea, where principally found, p. 377. Trees which thoſe: infects. 
inbabit, p. 376. Gum -laeca diſtioguiſhed by the Engliſh into four kinds, ibid. 
Method of preparing ſhell lac, p. 378. Its uſes to the natives; ibid. In ornamebes 
for the ladies, ibid. In ſealing war, ibid. In japaning, varniſhing, and grind- 
ſtones, p. 379- In painting. p. 380. Aud in —— and * n 0. 
Figures of the inſect, p. 382. PU; x 
Kirwan, Richard, Eſq. On the ſpecific gravities, Gee. of akne dit abip 
| The principles on which-the proportion of many neutral falts; and the ſpecifie-pra- 
vities of mineral acids, are determined, ibid. Mathematical-fperific gravity, what, 
p. 8. Experiments on ſpirit of ſalt, p. 9. Table of the ſpecific gravities of che 
marine acid and water, p. 13. Experiments on ſpirit of nitre, p. 16. The methdd 


Te 


73; 18d 


of determining the real ſpecific gravity of that acid, p. 18. Table of the ſpeeißbe 
gravities and attractions of ſpirit of nitre, acid, and water, p. 22. | Compatiſon of 
the reſult of thoſe experiments on the- ſpirit of nitre with thoſe of Mr. Homberg, 
p. 23. Experiments on oil. of vitriol, p. 26. Table of the ſpecific gravities; &. 
of oil and ſpirit of vitriol, acid, and water, p. 30. Difference between iheſe eape- 
a riments 
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L — 
- iments on oil of vitziol and thoſe of Mr. Homberg acevonted for, p: 41. KBE 
b ne en che; aretoun acid, N. 3%.  Dedafione fm ae 
Bræxperiments on chedpecifie gravity; of fixed: air in & ite; p. 35. Lee 
on fixed vegetable alkali, p. 38. Reſult of theſe experiments, ibid. "Table of he 
— — al, mn er t 5. 
40. See Chymical Afinities, Morweas. 
are The ae wee bis cout of 6 we cif the Ophitum 1nd Wik. 
ndoughby?s reconciled; po 4j 
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Lind, Dr. See Nerris. | oe Be nt ae 
Lid, John, Eſq. his account of an earthquake at Hafodunos near Denbigh, p- 3 51. 
TLaaliever. Tragical event there, 19. $ 
Luminous appearance in tht heavens. See Cavallo, 
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M. 


Marine acid. See Kirwan. 

Mars. How to determine his rotation with . exactneſe, p. 119. See Herſchel, 

Maiden, William, Eſq. his account of GIG N the iſland of: 
Sumatra, p. 383, See NB. 

Maryam; Nobert, Eſq. his farther zcconnr'ef the uſefolgeſs of waſhing the ſtems of 
trete, G 449- That uſefulneſs proved by obſervations on waſhed and unwaſhed | 

besches and gaks, ibid. Experiment made on the roots of trees with pond-mud, p- 

430. Young trees are reaſonably expected to increaſe more than old, ibid. The annual | 

p inctegſe of very.old. trees hardly meaſurable. with a firing, and why, p. 451. Ser 

| Oat. All the ingredients of the. united vegetation, received- from the roots, ſtems, 
3 and leaves, of a moſſy and dirty tree, do not produce half the increaſe | 
hat another gains: whoſe: ſtem” is. clean to the head only, p. 452. Cauſe.of that” 

increaſe conſidered, ibid. Obſervations on his firſt waſhed beech, ibid. 

Mes A: river which falls into the Burrampooter, to which it communicates irs name 
far the reſt of its courſe, p. 100. Prodigious body of water produced by its junc- 
tom with the Ganges below: Luckipouer, . 

NMelengrias. See Atheneus. 

Mater, M. See Herſcbel. 

Metreralq cu Journal kept at the bouſe of the Royal Sockety, with tables of the Vas | 

dene and the 1 pes 200. et ſeq . See Weather, © 
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one in Bengal, p- 10% Different ſonings of che montbone-In-the> gulf af Bengal, 

and iu the eaſtern zus northern parte df '\thavprovinee, p. 10f ] e to ba 
— Formed by « winding of the'Cellimbuzar, p. % 9 9999 
Moarweay, Mr. of Dijon. The only one : of alvvkecniap: cv viticus 

N of — of 3 p; $840 Ur o bis didi panic 
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Nile. See Bengal, 1815 
Norrizs, Mr. (a frequent viſitor to the Coaſt of Africa). Digen from Dr. Lind, * | 
cerning the effects of the Harmattan. p. 54. „t 5 
Nui. Deſcription of, p. 3. See Forfler. 500 99G . =Y rr 
+55 4 to Jil win % 
O. „ eee i wane J 


Oak. Its long duration in water, p. 178. That near the hon. Mr. Legye's lodge in 


Holt Foreſt did not increaſe above half an inch in nineteen years, p. 45t: ” Dimenſions: 


of the hollow one at Cowthorpe in Yorkſhire, ibid. Compariſon of the contents 
of that with thoſe of the Hampſhire and Yorkſhire oaks, p. 452. 


Oil of vitriol. See Kirwan, 
-Opbidium. 


See Brouſſonet. 
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Palm-tree ſuoui - Beetle. Eat in the Weſt inches as a a delicacy, p. 168. 
Paraſol Ants. Account of, p. 175. 


Peacock-pheaſants. Deſcription of, p. 74. 3 

Pennant, Thomas, Eſq. Gave the firſt deſcription of the Tyger-cit of any uſe in 
natural hiſtory, p. 3. His account of the Turkey, p. 67. Deſcription oF that 
bird, p. 68. White variety, ibid. Size, manners, and notes, p. 69. Are iraſeible, 
polygamous, and ſwift, and love to perch high, p. 70. Are gregarious, p. 71. 
Their haunts, ibid. The fleſh of the wild Turkey is ſaid to be ſuperior in goodneſs 
to the tame, ibid. The Indians make cloathing of the feathers, and fans of the 

| tails, and the French of Louiſiana uſed to make umbrellas of the latter, p. 72. Its 
ſtupidity, ibid. Is a native only of America, p. 72. Opinions of different authors 
concerning it, p. 73. et ſeq. When firſt introduced into tk, A p. 80. Extra- 
ordinary protuberance from the thigh bone of one, p. 81. : 

— - His account of ſeveral earthquakes in Wales, p. 193. Miners 
or colliers not ſenſible of the ſhock under ground, though ſufficiently violent to 
territy the inhabitants of the ſurface, p. 194. 

Pigort, Edward, Eſq. his account of a nebula in Coma Berenices, p. 82. Its mean 


right aſcenſion for April 20, 1779, ibid. Its north declination. p. 83. 
30 Pigott, 


L 


Pigatts Nathangel, Eſꝗ · his diſcovery. of doable: ſtars at Fraripton-houſe, is Gm. 
_ gandire, 177 P- 84. His method af deducing their declination, * wm WP 

And of obſerving them, P. 85. Their places deſcribed, ꝓ. n 

His aſtronomical obſervations, p. 347. Longitude of Wick: 

il, the ſear of Lady Widdrington, near Stow in the Wold, Glouceſterſhire; deter- 

mined, ibid. Latitude of his obſervatory at Frampton-houſe determined; ibid. 

Situation of Frampton-houſe, which is nearly under the fame meridian as Watchet, 
in Somerſetſhire, p. 348. His method of determining the difference of meridians 
between that bouſe and Greenwich, p. 349. Oecultations of fixed un d red t 


Frampton -houſe, 1778, 1779. P- 350. 
Planets, See Aus. 4 


Pond-mud. See Marſham. t 

Pregnant Women. See Women. | 

Proſenes, ſk of, p. 32). 

Prince, Mr. See Willard. Urn 

Paluis. falminans, . See Thompſon. + * 

e ert een poor women fo — cſape that fatal diſeaſe, 
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W | | 
— James, Eg. bis account of the Ganges and — rivers, p. 87. 
Great reſemblance between them, p. 88. See Thiber, 
Nice. A i kind, p. 105. 
Rivers, Thoſe in Bengal form the compleateſt and eaſieſt inland navigation con- 
-ccivable, p. 87. Number of boatmen employed thereon, ibid. Great trade cartied 
on by means of that navigation, p. 88. Which greatly ſurpaiſes the inland naviga- 
* of North America, p. * Proportional lengths of naten noted 


fituated within the limits of the en are ſubject to annual overflowings, p. 
103. See Buffon. 


Robins, Mr.. See Nen. 
Rondeletias. Has: given a better deſcription and more accurate figure of the Ophidium 


than Bellonius, p. 456. Difference in their drawings accounted for, p. 437. 
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| Silk-cotton=tree rm. Freer 169. a 
Small har. See Wrights” © re 
- Smeathman,' Mr. Henry, his account of the Termites [or White“ Ante which are 
"Found in Africa, and other hot climates, p. 139- Their @ntrivance and enecu- 
tions in their buildings ſcarce fall ſhort of human jingenuity und- pradente, vid. - 
Sagacity of 'thole inſets, p. 140. Various names by whick-theyf'are called, ibid. 
Different ſpecies deſcribed by Dr. Solander, p. 141. Deſttoy every thing fofter - 
than: metal or ſtone, pa Live in communities like” ants; but are not the ſame - 
kind of inſect, ibid. Surpaſs all other at ĩmals in the art of building, p. 143. Why 
called Fatalis or Deſtructor, ibid. Size of the queen, ibid. Their communities 
deſeribed, p. 144 Have been erroneouſly claſſed by Linnzeus, ibid. Dilfer as 
much as birds in the manner of building their babitations, ibid. Are of three 
different orders, p. 145. Are both pernicious and uſeful} pie£46.*) Will in 1 fer 
werks deſtroy and carry away the: bodies of -large- mes, viithout lesvieg a2 
particle behind, p. 147. Monſ. Adanfon's deſcription of their hills, ibid. 
Have many thouſand ways out of, and into, their buildings, but all ſubter- 
raneous, p. 148. Amazing magnitude öf their -buildings, with à compariſon 
of them and thoſe of - mankind, ibid. Deſeription of . their; buildings, p. 449 _ 
Their manner of building their hagſes, p- 150 Which, ben balſcbuilt, 
the wild balls ſtand on to guard the herds below, p. 181. Deſeription of the 
King's and queen's royal chamber, ibid. And other interior, parts -of their 
- buildings, p. 152. The king and queen, from their extraondinary magnitude, 
- "Cannot poſſibly go out, ibid. Their magazines deſeribed, and he proviſions for 
| their young, ibid. The-royal chamber is enlarged as the queen increaſes in bulk, 
P- 153. Remarkable circumſtance relating to their nurſeries, ibid. Their nurferies 
deſcribed, ꝓ. I $4. The royal apartments deſcribed, p. 1 55. Their ſubterraneoas 
paſſages for carrying off the water deſeribed, p. 156. Their manner of preparing 
the clay or ſtone, with which they conſtruct their buildings, p. 137. Make a ſpiral 
Lope within their hills, for the Iabourers and ſoldiers to paſs up and down, like 2 
„ibid. And a vaſt arch from the floor of the arca towards the top of the 
building, to ſhorten the diſtance from the royal apartments to the upper nurſeries, 


p- 468. One of thoſe: bridges deferibed, with its dimenſions, ibid. The turret- 
| © + - -- eits 
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2 relics defeibet,” bu! rig We," Ir" ad 1 the 
e of ö en, wie” four: or e tine the height” of "the monument, 
his, See of" hoſe turrets, and their manner of | rebuilding ebe, when 
daun, g. ide. Te fires of thoſe.” mefts built by two” different fe- 
ccties of Termites, with their dimenſions, ibid, Negro-heads,. or neſts þ built in 
tiees, deſcribed, p. 163, The working inſets, or ſabourers,,. called waed-lice, - 
which they much ;eſemble at a diſtance, by the French, ibid, The ſoldiers which 
are much larger than the labourers, p. 164. And the inſett in its perfect ſtate, 
which is furniſhed with four wings, ibid. And are only to be found juſt before the ; 
commencement of the rainy ſeaſon, p. 16 5. Their dwellings ſometimes invaded 
by the real ants and other vermin, ibid, Have in their preſent ſtate two large eyes, 
which are very. confpicuous, p. 166. 191. The ſeaſon of their coming abroad, 
ibid. When aſtoniſhing numbers of them are deſtroyed by their numerous enemies, 
* 165 Are eaten in ſome parts of Africa, ibid. Method of tak ing and preparing 
them ſor food in the Eaſt Indies, ibid. And in Africa, p. 168. Great change in 
their diſpaſitions after, being expoſed, to che rains, p. 269. Manner in which the 
labosrers protect their King and quees from cheir enemies, p- 179, Exuserdinary 
Change in the queen when, pregnant, N 479, And the prodigious number of eggs 
laid by them, p- 175, Which ate inſtantiy carried by the attendants to the nurſes 
ries, where they are hatched, and che young provided for till able to ſhife for them- 
ſelves, p. 172+ The working and fighting ſorts never expoſe themſelves to the open 
vir, bot in caſes of negeſſity, p. 173. A ſpecies of them, called Vag Vague, de- 
ſeribed by Mr. Adanſon, ibid. Their manner of travelling and of eſeapiug when 
alarmed, p. 174 Are not a match for.the ants, p. 176. Avoid all communication 
. with;otber infofts or animals, and never  meddle with them but when dend, ibid, 
_  Theix,expedition in repairing 4heir covered ways, Re. 176. 188. Will fink-under 
|. ha fougletions houſes, and eat their way throogh the poſts up te the thatch, p. 
177. Their curious method. of tortifying-poſts, which have ſome weight to ſupport, p. 
178. Various ſurpriſing depredationscommirted-by them, p. 179. et ſeq. Willexca- 
we nt without perſorating the ſurſate, in ſuch a manner as to render it nearly 
| as light as uo pieces of paſle-board of the ſame dimenſions, p. 180. Aud will enter 
.. + U;-the bottom of a, ſound bedge - ſtake, deſtroy the infide entirely, aud leave the 
| bark flanding, P- 48. Diſagresable miſtakes the author has been led into by the 
ibid. Bebaviour of the ſoldiers on their. buildings being broke open, 783. 185. 
Ad of the labourers, 164. 188. - Qbſtinacy of che ſoldiers in defending their 
ruined works, p. 166. While the ſoldiers defend the ourworks, the lo bourets flop 
. [AP all the paſſages to the royal chamber, e. 287. When the royal chamber is 
removed, and the queen expoſed to the air, the labourers will work an arch completely 
erer her beſore the next morning, p. 188. Behaviour of the king hen the "Yoyal 
Sender is removed, ibid. If the hill is thrown into a henp of rum, provided the 
Vor. LXXI. 4 B king 
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— — Eſa. bis e s powder; 5 5.2795 HEALEE o of 
the apparatus employed therein, pe peg et ſeq. Deſcription” of the penfutdiiFor 
detennioing the velocity of rhe bullets; pi 234. Method of mefühRög the recbfl of 
be; barrel; p. 236, - Deſcription of che gun- carriage, p. 237. The power nde 
uſe oh; p- 239. And the manner in which it was kept, and alle into curtridges for 
uſe, ibid- Manner of charging che piece, p. 40. Table of the welfhi Aud 
dimenſions of the principal parts. of the apparatus; P. 24 HN. et Teq."" General rible 
ot the experiments, p. 245. Order of them, p. 276. er ſecg Method'of prbventing 
_ the impulſe-of the fame upon the pendulum; pi 24) Nädeh bullets cif upon 
plaitter of Pais, p. 251. Experiments wit powder off p- g. Of the * 
computiog the velocities. of the bullers,-po556, Of dhe ſputes beeupied by d Sent 
_ Gharges-gf, powder, p. 2574) Of the/effe& that'the heat whith"pietes ach aire Ii ficing 
produces opon the force af powder; po agg. The aa gene ef Ge reg er alter, 
when fired from a warm piece, accoumed for, 259. "Meal-powderthe belt fer primiig, 
p- 260%. Of the manner in which pieces atquire heat in Hring, 5.261. "W kick hefit 3 is 
- greater. when fired with | powder-only than when with powder" and bill,” p. „282. 
IT bat circumſtance accounted for, ibid. Bullets are not hexted by the Alan Die 
powder, but by percufion againſt hard bodies, p. 26% The running of the mdtiFin 
braſe guns on repeated firing explained; p. 264. Phe vent of © piece Tied With 
cold is much more durable than one made in iron, ibid. To whit the beat LEguited 
dy guns ia firing is principally owing, pe 265. Obſervations vii the generatioh of 
that heat, p. 266. Of the effecd of tamming the powder in the thambef ö the 
piece, p. 268. The reſult of different experiments with rammetd and unrammed 
boden. ibid. Of the relation of the-velocities'of bullets! to the Uliirges of pode, by 
Which they are impelled, p. 20. J n 
ol bullets are the ſame, and they are diſcharged from the ſume piece by different 
ies of powder, the velocities are very nearly in the fub-Qupiteate ratio of the 
eee bid, 273 Of the * in difetett' — 


— 


ont as 
* 4 = a Be, 
Ne z 


_— 
7 


— * «ws ä * Ry 
of — „* — 1 
" bs \ = 0 ET * mY 
p * 3 — b 
3 * * . * * 
ud e * 
. 


it Mas TY 

C000 tha wh Pcs BETTE 

n Powdi# weben Fre, ibid. Table of txptfiments' hewing W 

2 0d f bre no tegard e DE FLEA 

97 dab feuniöe for che ue p %. The ben form for 1 of ihe - 
D 


RY 
1 


Of a very accurate nodes of proving gun- 
ads, p- 298. All . en or powder-triers, in common uſe are defec- 
tive in many reſpects, ibid. Powder may anſwer to the proof commonly required, 
+., and yet tuꝛn out very indifferent When uſed in ſervice, ibid. The abovementioned 
ed of proving gun-powder explained, p. 299. The apparatus deſcribed, p. 
„ 300, The temperature of che atmoſphere has a very ſenſible effect upon the force 
.; of. gun-powder, p. 302. Of the comparative goodneſs or value of powder of dif- 

. fergue degrees of firength, p- 303. Of the relation of the velocities of: bullets to 
5 their weights, p. 306. Mr. Robin's theory defective, ibid. Figure explainiag the 
relation of the velocity to the weight, p. 309. Table of the quantity of powder 
It . ioflamed i in ſeveral experiments, p. 312, Obſervations on the weight of gua-pow- 
der, Ps 314. Different forts of powder mentioned by French authors, ibid. The 
io Veakeſt powder, or the; heavie&.in, proportion to its elaſlic force, ought to he uſed to 
.. Impel the beavieſt bullet, p- 315. An; objeftion- to that poſition anſwered,” ibid. 

, Tdi of abe relation of the. velocities of bullets to their weights, ſuppoling rheir 
*, velocities to be in the cerigronal (alvariplicece ratio of — p. gow Table 


2 lets, p. 37. Table of the. reſale of d p- 319. Of an attempt to 
determine the exploſive force of aurum fulminans, or a compariſon between its force 
, and chat of gun-pawder, p. 322. Deſcription of a barrel provided on purpoſe for 
. that experiment, ibid. Reſult of that experiment, p. 322. Of the ſpecific gravity 
of Bun- Powder, p. 323» Miſcellaneous experiments, p. 324. Of ſome unſueteſoful 
attempts to increaſe the force: of gun-powder, ibid. Account of an experiment to 
try the force of water rarified into ſteam in impelling bullets, ibid. Reſult of that 
experiment, p. 325. Reſult of others made with highly reQtified ſpirits» of wine, 
etherial oil of turpentine, and ſmall quantities of quickſilver, inſtead of water, ibid, 
Wich =thiops. mineral intimately; mixed with gun powder, p. 326. Iagredients of 
«£0mmen, pulvie ſulminane, ibid. Raſult of an experiment made by mixing ſalt of 
Aartat with gun-powder,.p. 32 7 Wich, al ammoniacum, ibid, - Wird braſs! duſt, 
ibid. Farthy particles and all kinds of impurities are very detrimental to gun 
Wer, and why, p. 328. Of an attempt to ſhoot flame inſtead pf bullets; ibid. 
dee Braſs Ordaance, Battle Pow 
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Fag Vage. A ſpecies of White Ants, See Cawathmang 
Variation. See Meteorological Journal, 
Pakcity of bullets, See Thanpſone 
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Wales, Mr; William. - os . Table of the 
foes, cones, and tangents, of Mqoy-ofivinales. Bhd. el d pies of thoſe arcs 
2 


W:fminfler General Diſpenſary. See Bland. 

White's Ephemeris. See Herſchel, 

Willard, Mr. Joſeph, his letter concerniog the longitude of Cunbridye in New * 
land, p. 502. The generally reckoned difference of meridians between Greenwich 
and Cambridge, which was uſed by the late Dr. Winthrop, not exact, ibid. His 

. obſervation of the eclipſe of the fan, OR. 27, * 
ich and Mr. Prince of Salem, p- 505. 

"Pinch. Son Gontalla 

Winthrop, Dr. See Willard. 


Mie, Patrick, M. A. his farther experiments on cold at the Marfarlaze Obſervatory 


1. . College, p. 386. Regiſters of the difference of temperature between 


7 


* 


Wide - 


* Fly ep 8 . N 


— Bech 705. - 3d. 2% | 
n 


N 
* 
KY 
G 2 

57 A. o ta [$3140M * 


— e 7 


. 1 9 13G . 

1 G0 1. 4 4880 =» i. 
„ 
ſmall-pox. in! — A 


, < LAY KB 332 > 


eee. 0 I 
214 2200 10 F SD 


* 3.9 « 
: . 1 „ + f # 4 . 
9 5 0 | © ./ m 2 * IF 1 : 30 328 4 y 
\ » ; 3” & © ? - * % - 
O73 4 -31% ? IL A DI. „ f 
| : i F 
< * ab 
. 
0 
\ 1 
5 2 as * 9 
5 2 > » | 
* E a 7 | | 
** * bo os * p 
c 
- * | 
© %* * 
90 3 . - 
= — 
|; 34 
: * 0 
+. =" | 
ST] YC 3:9 $ | | 
2e. 
„ 
28718 2 a* —_— 
2 
© « 
- * 
— - | 
IT: 3 21 1 
a> 
* * 
* * 
0 % . 
: *4 » 
q « TE 1 
= —- 
on. 0 > 
— * 1 o 4 | * 
- * 1 * 2 . 3 E | 
T3 | 
22 8 / 1 4 
gv 370 x 4 f S | 5 V* 1 — « | | : A 
* 2 * 
? of * 2 9 — 3 


Nas » R i 
13 L 4: * * 2 * - X y 
* * 4 
* " 
* *. 8 1 
x _ 4" 
y w 3 * 9 1 
* 
M 
4 * 1 
1 S a T «. * 4 * 
o * PR 
i% Fg! 1 _ N — - af 4 4 N We 
N05. a ä , ö At 4 b x $0 ST&A% 
# «- | 
y ; U 
_ | 1 85 44s | vr ASST * 
* ” * 1 i | 
„ * "Or * f 1 © % * . * 
1 4 N 
\ 


44 


e 


4 
- » 
l 
Fl 
* . 8 5 
=, 4 9 4 Y 
a . . 1 
| = 
a 5 . 
- - F 
: | 4 K 7 A _— 4 
, * * 5 5 
a - 
*% x 
= 


% \ _s * * 


: 


+» : 
. * r nua: 3 


- — — — 
= & . 4 
od * 9 +*+ 4 
* CY 
. * | 4 = .. - * 
- = - 5 9 FX p % 
* *S = F © : . 1 & S's 
. „ * 9 
* 
* - 
. OP * * . _ 8 8 
— 
0 - 
n 23. "wu 
-. - a © mr 
4 
- 9 1 
F 
* 
— 
— - 
= 
Y - 
© - 
1 % 
. m , 
. 
" : : a — 
* — * Sg © 
m a 
ö % * 1 90 
4; 4% 
. 
— _ —— a 
N — 
EF * 
- * i 
„ — 20 — _ * 
l a  - 
"hs 
* — 
„0 2 1 ; 
- 
* a F 
EET - s 
. 
> - = >. 5 
* 
- - 4 ; 
* 15 
2 
- - oe * j 
— 
= 
= 4 * 
| - 
"LN 8 Dr , 8 
SS 
a — 
2 * 
- 
% 
= n 
* 
* 
- 
* . 
* + © 8 # 
= 
- ® - 
Wh WY — * 
* 
, - 
+.» 
— 
. © 
. 
« 
. 
- * 
W ”- 
"* 
* — 
” 
- 
* 
. 
mw —— GT — 
» Lp 


— — 


4346149 * f 4:tyzant © 2 Meine 2117 Ene .. {3 nen! 
. "EE A —— pu | 


TREE OS |: r 


. * o 


4 
N 
- 

— 


- - — 


© » * yu Pp Od 1 _ A 
14 13 S454 , 
— 4 — * 
«4. 


© 4 
+ +. - a 


Ae , * 


a im Views + - 
_ 1 | 


- * 


— ee raps 
r 4 


og 


oy 


p- - -—0>. _ 


Fg 
P - 
* 
N - — 
— oo oy 
* 
* — 2 — — * 
— — ' — 
ao — 2 
rr * 6àj11 —- 
* 
1. * ye vo 
"i 2 9 of Og ; — 


8 — py * 


© # 
w__n # * 


a-_ ͤ—ͤ— 


Page, Line. 
16. F. for Goan read Jean 
— 1. for Fill. read Ziſſ. 
17. 1. for of vitriol read of tartar of vitriol 
18. 7. for erica, formed, read erica-· formed 
19. for wetted read melted. 

13. for clays read clay 
14. for Fvij. read Zvij. 
I. for Iv. read Iv. | 
6. for dale read deal 
12. for ſubſtance read ſubſtances 
20. for tin read fire | 

laſt line, omit the word than 
23. after iron inſert ore. 
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V O E. EX. 


479. 1. Journal of the Weather at Senegambia, &c. ſhould be Journal of 

the Weather at Senegal, [ For Senegambia is the whole pro- 

vince, the river Gambia included, in which river the weather 
muſt have been quite different at this period from what it was 
at Senegal, becauſe the diſorder did not rage there. 

483. laſt line, read that the wind in the ſame month in the river 

Gambia, &c. 
6. for blank read planked 
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Page. Line, | 
334. 5. for fits read ſets Mer ren Rix Wat — 
343. 4 for flown reds fle- „17 
363. 3. of the 1 note % far-after æ labour read after — 
— 9.— for eight inches Aa a \ + —— 
38 3. 13. for then read there V2 kevt #7810 10h oft 212 


417. 1. art. 23. for (art. 2.) en NAI 


4. . . 1 


423. F. art. 28. for (art. 24-) rus read (art, 0 aN VE WI od 


"ra 8 
. 4 
425» laſt line but two, for 1 I read er N 0 22 
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